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OHIO  AND  LAKE  ERIE  AREAS  AFFECTED 


I. 


PURPOSb  AND  OBJECTIVES  OF  THE  EVALUATION 


i 

In  this  Appendix  the  wastewater  management  alternatives 
developed  for  the  Cleveland-Akron  Metropolitan  area  are  assessed 
for  environmental  impact.  The  process  included  tdO  the  establish- 
ment of  parameters  and  descriptions  of  current  baseline  conditions 
within  the  region  for  five  categories:  ecology,  esthetics,  public 

health,  social  well-being,  and  economics;  t^)  assessment  of  impacts 
of  each  of  twelve  alternative  wastewater  management  systems, 

including  the  recommendation  of  corrective  actions  to  be  considered 

'?r<> 

by  the  design  team;^t50^  the  assessment  of  impacts  of  each  of 
three  representative  systems,  selected  from  the  set  of  twelve 
systems  on  grounds  of  environmental  suitability  and  relationship 
to  the  national  objectives  of  national  and  regional  economic 
development,  social  well-being,  and  environmental  quality. 

The  objectives  of  impact  assessment  are  to  identify  or  define: 
(1)  general  overall  impact  of  each  alternative  plan,  (2)  range  of 
impact  within  each  alternative  plan,  (3)  significant  differences 
in  impact  among  alternatives,  (4)  significant  problems  associated 
with  each  alternative,  (5)  knowledge  constraints,  and  (6)  need 
for  initiation  of  more  detailed  study  and/or  long  term  researcli. 

The  complexity  of  the  problem  plus  uncertainties  in  the  soundness 
of  the  two  major  wastewater  technologies  considered  (water  dis- 
posal based  upon  biological  and/or  physical -chemical  processes  and 
land  disposal  based  upon  conventional  treatment  to  secondary  levels 
plus  use  of  "living-land  filters"  to  accomplish  tertiary  level 
treatment)  forced  this  evaluation  team  to  concentrate  more  on  tlie 


last  throe  ohjoctivcs  tlian  the  first  tliree.  Wliat  i)romisci.l  to 
be,  at  tlie  boginninj:  ol  the  study,  a cut  - and  - d r i cd  rcsearcli 
project  on  impact  assessment  turned  into  an  extensive  discussion 
as  a continuous  stream  of  questions  were  necessarily  raised  and 
in  most  cases  only  partial  answers  found. 

In  some  respects  this  survey  scope  study  docs  not  go  much 
beyond  the  earlier  feasibility  study.  This  is  because  the  know- 
ledge constraints,  the  significant  problems  associated  with  the 
three  major  treatment  technologies  investigated,  and  tlic  needs 
uncovered  for  more  detailed  study  of  so  many  aspects  of  large 
scale  wastewater  treatment  forced  us  to  continually  examine  tiie 
underlying  assumptions  of  tlie  teciin  ologics  under  cons  idera  t ion 
and  limited  our  ability  to  conduct  the  more  detailed  impact 
assessment  whicli  confidence  in  technology  permits.  In  addition, 
the  fit  was  poor  between  resources,  manpower,  and  time  available 
for  the  iiiqiact  evaluation  and  the  magnitude  and  scojic  of  tlie 
p roj  ect . 

The  November  guidelines  supplied  by  OCb  with  tlie  emphasis 
ujion  quan  t i f i ca  t i on  of  impact  proved  to  be  too  idealistic  for 
our  purposes.  We  discovered  quite  early  in  tlie  evaluation  process 
that  premature  quantification  in  an  area  of  technology  assess- 
ment so  fraught  with  implications  for  public  welfare  as  this 
one  would  be  very  harmful.  Rather  than  developing  sets  of  numbers 
giving  the  appearance  of  precision  and  measurement  but  in 
reality  masking  numerous  subjective  judgments,  we  preferred  to 
bring  the  judgments  to  be  made  to  the  surface  where  possible  and 
to  provide  decision  makers  with  the  rationales  as  to  why  judgments 
must  be  made. 


-2- 


Our  task  as  defined  by  the  Buffalo  District  was  to  act  as 
the  "conscience"  of  the  project.  This  forced  us  to  raise  questions 
and  to  investigate  areas  which  might  not  come  under  a more  usual, 
narrow  definition  of  impact  assessment. 

A . Purpose  of  Evaluation 

In  the  long  history  of  public  works  -in  America,  there  are, 
unfortunately,  more  than  a few  examples  of  projects  undertaken  for 
the  best  of  motives,  directed  toward  a useful  objective,  that  have 
turned  into  environmental  nightmares  due  to  the  accrual  of 
unplanned  and  unforeseen  effects.  The  development  of  water 
resources  has  not  been  exempt  from  the  Jekyll-Hyde  syndrome. 

The  wastewater  management  program,  developing  concurrently 
with  the  burgeoning  national  concern  for  the  environment  has 
several  excellent  objectives  and  motives  which,  in  the  Three 
Rivers  Basin  apply  to  one  of  the  nation's  most  polluted  rivers- - 
the  Cuyahoga- -and  a highly  polluted  Lake  Erie.  Yet  the  sheer 
urgency  of  doing  something  about  these  conditions  makes  it  more 
necessary  to  assure- -since  it  is  ecologically  impossible  to  do 
just  one  thing--that  the  multiple  attendant  effects  of  wastewater 
management  are  positive,  or  at  most,  a lesser  evil. 

In  general  terms,  the  purpose  of  evaluation  is  to  discover, 
in  advance  of  final  plans  or  construction,  any  potential  for 
ecological  mischief  or  disaster,  any  technical  flaw  or  inade- 
quacy, and  any  opportunity  for  protection  or  enhancement  of  the 
larger  environment.  Identification  would  be  followed  by  investi- 
gation and  by  iterative  consultation  with  the  planners,  to  achieve 
modification  or  refinement  of  plans  toward  greater  harmony  and 


oil  ic  ieiicy  . livaluatlon,  in  conjunction  with  plan  Tormu  1 a t ion  , 
should  provide  the  real  test  for  project  validity. 

Tlie  objectives  of  wastewater  management  planning  within  the 
three  Rivers  Basin  are  many,  ranging  from  broad  general  goals  to 
more  specific  technical  objectives.  One  purpose  of  evaluation 


i 

of  plans  is  to  determine  whether,  and  to  what  extent,  those  goals  | 

and  objectives  have  been  met.  'I'he  State  of  Ohio  and  tlie  region  | 

generally  are  concerned  witli  the  development  of  water  for 

recreation,  domestic,  industrial,  and  agricultural  uses.  for 

the  basin,  tliis  would  translate  into  protection  of  the  public 

water  supply  and  the  restoration  of  stream  and  lake  quality  for 

fisJiing,  water  contact  sports,  and  esthetic  appreciation. 

Planning  objectives  must,  of  necessity,  be  more  specific.  The 
primary  directive  is  to  prevent  continued  degradation  of  the 
water  resources  of  tlie  basin;  this  to  be  accomplished  by  the 
limitation  of  pollutants  in  effluents  from  whatever  source,  to 

be  attained  by  degrees,  in  a time  phasing  establislied  by  tlie  ^ 

federal  hater  Pollution  Control  Act  of  1972.  The  second  techni- 
cal requirement  is  to  maximize  the  reuse  potential  of  all  pro- 
ducts resulting  from  wastewater  treatment,  including  the  reno- 
vated wastewater. 

fven  broader  objectives  are  promulgated  by  the  Water  Resources  ' 

Council,  objectives  which  must  be  considered  in  any  water  resource 
development  seeking  federal  funds.  These  considerations  are  the 
contributions  to  national  economic  development,  environmental 
quality,  social  well-being,  and  regional  development. 
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While  these  multiple  objectives  are  not  necessarily  incom- 
patible, it  is  inconceivable  that  all  can  be  achieved  equally  or 
to  the  same  degree  in  any  single  plan  for  wastewater  management. 
Multiple  alternatives  must  be  developed,  incorporating  different 
technical  components  and  systems,  or  combinations  of  these  systems. 
To  provide  the  necessary  information  for  the  selection  among  those 
alternatives,  of  one  or  several  plans  most  compatible  with  the 
objectives  and  least  afflicted  with  secondary  effects  or  long- 
range  intractability,  is  also  a major  purpose  of  evaluation.  The 
search  for  this  alternate  preference  essentially  involves  a number 
of  subsidiary  purposes  in  evaluation  which  are  here  enumerated. 

1.  To  define  the  current  conditions  of  the  Three  Rivers  Basin 
area  as  a prelude  to  identification  of  change  in  the  ecology, 
the  state  of  public  health,  the  economy,  the  social  and 
institutional  pattern,  and  the  availability  of  esthetic 
amenities . 

2.  To  assess  the  alternate  designs  for  reliability,  for  relation- 
ship to  environmental  health,  and  for  ability  to  achieve 
goals  under  an  expanded  scale  of  operation,  regional  scope, 
stricter  and  more  inclusive  standards,  and  increasing 
complexity  of  input;  to  search  for  secondary,  delayed,  and 
cumulative  effects  of  process  components. 

3.  To  anticipate  the  effect  of  development  on  the  functioning 
ecosystem  and  the  resource  base,  estimating  the  probability 
and  degree  of  risk,  and  the  secondary  and  long  range  biologi- 
cal effects,  with  a view  to  the  protection  and  restoration 
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ol  tlic  env  L roiuncn  L as  opposed  to  narrower,  rej^ional  concerns 
and  the  imposition  of  new  burdens. 

4.  To  preserve  an  orientation  toward  tlic  future  by  due  regard 
for  long  term  maintenance  and  eniiancement  of  the  enviroinnent 
as  opposed  to  short  term  local  usage,  by  discovery  and 
elucidation  of  irreversible  ecological  effects,  liy  reviewing 
the  lift  cycle  effect  of  proposed  construction,  by  considera- 
tion of  the  alternate  effect  on  resources  and  energy,  relating 
expected  demand  to  resource  capabilities,  and  by  concern  for 
the  increasing  value  of  scarce  natural  environments. 

5.  To  provide,  during  the  planning  process,  information  to  the 
planner  to  enable  the  refinement  of  structural  or  nonst ructura 1 
components;  by  identifying  change  and  its  relationship  to 
specific  system  components,  by  interpreting  impacts  relative 

to  objectives,  by  weigliing  one  impact  against  another,  and 
finally,  by  suggesting  revisions  to  reduce  disfunctions  and 
enhance  harmony  with  the  social  and  physical  environment. 

b.  To  suggest  tlie  existence  of  alternate  poss  i !■)  i 1 ities  of 
achieving  objectives,  to  consider  nonstructura]  metiiods, 
nondevelopment  options,  and  the  preservation  of  flexiiiility 
for  the  future. 

7.  To  identify  areas  where  the  data  base  is  inadequate,  wliere 
research  is  needed,  where  the  environmental  effect  of  a 
particular  action  is  unknown,  and  where  there  is  a need  for 
expanded  and  continuous  monitoring  and  evaluation  of  change. 

8.  To  review  and  assess  the  long  range  implications  for  wastewater 
management  of  den.ograpl\ic  cliangcs,  future  resource  demands 

and  supplies,  and  the  underlying  trend  in  teclinology  and 
patterns  of  social  liehavior  tliat  influence  these  factors. 
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9. 


To  explore,  by  economic  analysis,  the  resource  allocation 
consequences  oT  investment  or  expenditure  decisions,  to 
assess  the  institutional  realism  and  political  feasibility 
of  the  several  alternates,  and  to  relate  to  the  public 
anxiety  over  the  deterioration  of  the  environment. 

10.  To  provide  the  decision-makers  with  an  array  of  impacts, 
organized  by  alternatives,  assessed  for  significance, 
supported  by  data,  showing  how  each  affects  human  values 
and  goals  through  changes  in  resources  and  environment, 
to  enable  the  comparison  and  selection  among  alternatives 
based  on  the  relative  desirability  of  the  several  systems. 

B . Description  of  Report 

This  report  is  broken  into  two  major  components,  the  report 
on  the  evaluation  process  and  results,  and  a series  of  ten  back- 
ground papers  developed  on  various  aspects  of  wastewater  manage- 
ment technology.  The  report  on  the  methodology  process  includes 
a statement  of  methodology,  sections  on  parameter  development, 
regional  planning  objectives  and  regional  characteristics,  and 
evaluation  and  comparison  of  land  based  and  water  based  advanced 
wastewater  treatment  technology.  The  meat  of  the  evaluation 
report  is  contained  in  sections  VII,  VIII,  and  IX:  the  evaluation 

of  the  twelve  alternative  regional  systems  developed,  the  evalu- 
ation of  the  four  phased  and  costed  systems,  and  the  conclusions 
and  recommendations.  The  attachements  include  regional  cliar- 
acteristics  for  areas  not  originally  included  in  the  scope  of  tl\c 
study,  analysis  of  wastewater  projections  for  the  target  area. 
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several  papers  on  fiscal  and  economic  aspects  of  a regional 
wastewater  project  [including  distributive  equity],  some  brief 
comments  on  political  acceptance  of  innovation  in  this  area,  and 
a sliort  jjaper  on  the  teclinolog ical  problems  associated  with 
aerated  lagoons. 

The  purposes  stated  in  tliis  section  were  recognized  as  ideals 
to  lie  approaclied  as  closely  as  possible.  The  extent  to  which  the 
evaluation  did  this  is  indicated  in  the  methodology  and  subsequent 
analysis  sections. 
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1 1 . METHODOLOGY 

A.  INTRODUCTION 

Tlu'  planning  and  evaluation  ol'  wastewater  management  systt'ins 
for  the  Three  Rivers  Basin  takes  place  in  the  midst  of  change.  The 
one  certainty  that  may  be  stated  about  the  years  between  now  and  2020 
is  that  they  will  be  marked  by  rapid  and  dynamic  change.  The  rate  of 
change,  as  well  as  change  itself,  must  be  one  of  the  major  influences 
on  planning. 

The  future  will  inevitably  consist  of  systems  of  increasing  com- 
plexity, physical,  social  and  economic.  The  combination  of  population 
growth  and  urban  growth  have  mutliplied  the  complexity  of  the  system 
in  which  the  nation  exercises  its  choices.  To  an  ever  increasing 
extent,  action  on  one  of  a series  of  highly  interrelated  subsystems 
will  reflect  on  others.  Wastewater,  as  an  aspect  of  water  resources, 
represents  one  of  these  subsystems.  The  complexity  of  physical  and 
environmental  systems  is  mirrored  in  a complexity  of  social  relation- 
ships, of  individuals  to  others,  to  the  environment,  and  to  govern- 
mental and  decision  making  processes. 

Yet  the  complexities  have  been  approached  with  a series  of  inade- 
quacies. A recent  study  on  metropolitan  water  management^  cited  the 
fragmented  structure  of  metropolitan  water  resource  institutional 
arrangements,  the  limited  outlook  and  parochial  orientation  of  metro- 
politan professional  personnel,  and  the  inadequacies  of  both  data  and 
analytical  structure  which  hindered  technically  adequate  planning  and 
restricted  the  breadth  of  vision  to  geographically  and  functionally 

^Urban  Systems  Research  and  Engineering,  Inc.,  Metropoli tan  Water 
Management- -Case  Studies  and  National  Policy  Implication . June , TTTTT 
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narrow  \'i  ow[)o  i a l s . llio  situation  represents  a pervasive  source  of 
ine  f i'iciency  in  the  planning  anJ  decision  making  process.  J ji  parti- 
cular, the  existing  forecast  me tliodo log ies  have  been  characterized  as 
primitive  and  unsuccessful.  forecasts  must  be  seen  as  a tool  of 
systems  analytical  planning,  with  supply,  demand  and  other  elements 
of  the  system  dependent  in  considerable  measure  on  variables  within 
control  of  the  policy  makers. 

In  a discussion  of  OCE  guidance,  INTASA  Interim  Memorandum  III, 
indicated  that  the  relationships  between  water  quality  and  the  exten- 
sive list  of  potential  impacts  suggested  by  OCE,  were  not  obvious. 

"They  are  complex,  interdependent,  indirect- - they  involve  various 
disciplines.  Many  of  them  are  uncertain,  partly  unknown  or  ill  defined." 
The  memorandum  goes  on  to  suggest  that  there  is  a danger  for  the 
evaluators  in  the  assessment  of  certain  secondary  impacts,  character- 
ized as  "active"  and  requiring  an  outside  agent  to  actualize  it.  The 
evaluation  of  such  impacts  is  said  to  be  dependent  upon  probability 
and  it  is  suggested  that  the  proper  course  of  action  is  for  the 
evaluators  to  take  part  in  the  planning  process  to  lielp  generate  the 
full  range  of  benefits  of  the  project.  The  discussion  did  not 
include  the  potential  for  negative  impacts  caused  by  outside  agents 
or  for  opportunities  foregone  which  should  be  part  of  an  adequate 
evaluation.  Elsewhere  in  this  report  we  have  discussed  the  necessity 
of  considering  water  resources  planning  within  the  context  of  govern- 
ment response  to  the  solution  of  the  whole  range  of  social,  economic 
and  envi ronmenta I problems.  Nevertheless,  the  opportunity  afforded 
the  evaluators  to  participate  in  an  iterative  process  with  the  engi- 
neering contractors  and  plan  formulators  was  recognition  of  the  in- 
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separability  of  planning  and  evaluation.  The  task  of  the  evaluation 
group  included  information  gathering,  analysis,  the  display  of  infor- 
mation and  consequences  of  action,  and  the  recommendation  of  courses 
of  action  for  the  decision  maker.  In  accordance  with  OCE  guidance 
the  research,  the  information  display,  and  the  analysis  has  gone  be- 
yond the  functional  planning  of  wastewater  management  to  sectorial 
water  resources  and  multi - sectorial  considerations. 


B.  GENERAL  PROCESS  OF  EVALUATION 

The  evaluation  group  became  impressed,  early  in  the  process, 
with  the  complexity  involved  in  water  resource  planning.  First,  water 
is  seemingly  related  to  almost  every  aspect  of  organized  human  activity. 
There  are  interconnections  among  water  resources,  social  life,  and 
economic  activity.  It  is  almost  impossible  to  distinguish  a sphere 
of  "water  related  activity"  from  the  rest  of  life.  Similar  constraints 
apply  to  planning  and  institutional  relationships. 

Second,  the  complexity  of  water  activities  is  usually  coordinated 
through  a complex  policy  process,  involving  multi-stage  increments, 
built  upon  past  policy  and  experience,  revised  on  the  basis  of  accu- 
mulated information,  until  new  policies  are  developed.  It  involves 
initially,  the  recognition  of  a problem  and  a set  of  value  systems 
from  the  very  beginning.  The  development  of  sufficiently  inclusive 
policy  alternatives  in  response  to  the  recognition  of  a problem  has 
been  traditionally  inadequate. 

A third  area  of  complexity  in  the  management  of  water  resources 
is  in  the  optional  mechanisms  for  coordination.  We  have  not  assumed 
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that  the  oiiiy  options  are  those  of  centralization  and  decentralization. 

It  is  possible  to  coordinate  functional  relationships  in  various  ways-- 
physicaliy,  in  terms  of  plant  regionalization,  and  administratively, 
by  a variety  of  bureaucratic  integrations, 

I'he  complicated  system  of  water  relationships  (which  includes 
the  environmental  complex],  policy  processes  and  possible  coordinating 
techniques  requires  evaluation  from  a complex  perspective.  Past 
analysis  has  assumed  that  public  decision  makers  have  a well -deve loped 
"preference  function"  about  alternative  outcomes.  Yet  this  is  sel- 
dom the  case.  Choices  and  preferences  are  generally  developed  in 
relation  to  the  relevant  options  presented.  Complex  questions  are 
often  decided  by  an  intuitive  process  based  upon  past  experience. 

Preferences  may  depend  on  how  a system  has  operated  in  the  past;  a 
potential  output  may  have  a low  demand  because  of  lack  of  experience 

Another  extremely  difficult  evaluative  problem  has  to  do  with  the  | 

interest  of  future  citizens.  Some  water  related  resources  are  irre-  1 

placeable.  What  is  the  value  or  cost  of  eliminating  certain  natural  | 

1 

resource  options  forever  and  what  responsibility  does  government  have  | 

to  preserve  these  options  for  unborn  citizens?  Should  we  maximize 

the  welfare  of  this  generation  at  the  cost  of  posterity? 

Whether  philosophical  or  practical,  there  is  no  question  but  | 

that  the  concern  for  the  future  formed  a backdrop  for  the  evaluation.  * 

1 

In  recognition  of  the  necessity  of  pursuing  the  evaluation  from  \ 

a complex  perspective,  an  evaluation  group  was  assembled  from  the  ^ 

faculty  and  staff  of  the  Center  for  Urban  Regionalism,  Kent  State 
University,  tl\e  University  of  Akron  and  Cleveland  State  University. 

The  group  represented  expertise  in  a wide  variety  of  disciplines 
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including  bacteriology,  biology,  ecology,  economics,  geography, 
geology,  limnology,  political  science,  sanitary  engineering,  socio- 
logy and  soil  sciences. 

The  purpose  of  the  evaluation  as  indicated  ir.  the  previous 
section  gradually  developed  into  a detailed  array  during  the  course 
of  the  evaluation  research.  Initially,  the  function  of  the  evalu- 
ation group  was  designated  as  four  areas: 

(1)  To  develop  a set  of  parameters,  or  elements  of  potential 

changes  in  five  areas:  economic,  social,  ecological,  public 

health  and  esthetic--to  be  used  in  the  assessment  of  alter- 
native wastewater  management  systems. 

(2)  To  describe  the  current  baseline  conditions  within  the  study 
area,  aligned  by  parameter  groupings. 

(3)  To  assess  the  beneficial  and  adverse  effects  of  each  alterna- 
tive wastewater  management  system,  suggesting  modification 
for  adverse  impacts,  and 

(4J  To  assess  the  impacts  of  the  alternative  systems  in  relation 
to  their  contributions  to  national  objectives  of  national 
economic  development,  environmental  quality,  social  well  being 
and  regional  development. 

The  evaluation  group  had  the  advantage  of  extensive  guidance 
from  the  Corps  of  Engineers  and  the  reports  of  the  original  five 
feasibility  studies  of  wastewater  management.  As  the  initial  effort 
in  a reiterative  study,  they  were  valuable  in  indicating  appropriate 
directions  of  concern.  A decision  was  made,  based  on  the  background 
material,  to  investigate  the  entire  range  of  impacts  that  would 
result  from  improved  water  quality  and  from  the  conceptual  and 
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policy  changes  and  the  physical  structures  required.  The  decision 
was  based  on  the  concept  that  any  lesser  approach  would  result  in 
prejudgment  of  impact  potential. 

Our  initial  parameter  listings  were  constructed  through  indi- 
vidual research  and  group  review  of  known  system  elements,  and  elabo- 
ration of  secondary  impacts  on  the  larger  environment  resultant  from 
those  impacts.  Ihese  parameters  are  presented  in  subsequent  pages. 
While  many  of  these  parameters  have  currently  been  downgraded  or 
identified  as  insigni f icant  by  further  study,  the  listings  will 
identify  the  area  of  inquiry  and  hopefully  reduce  questions  as  to  why 
a particular  item  was  not  evaluated. 

As  the  program  developed,  and  as  planning  elements  and  alterna- 
tives were  submitted,  the  research  expanded  into  areas  such  as  aerated 
lagoons,  the  resource  requirements  of  the  several  systems,  and  other 
questions  directed  at  the  underlying  technology. 

While  this  outline  of  methodology  indicates  some  compartmentali - 
cation,  the  various  elements  of  research  and  assessment  were  car- 
ried on  concurrently,  as  plans  were  submitted  for  evaluation.  Base- 
line data  on  the  socio-economic  and  environmental  conditions  of  the 
study  area  was  being  accumulated  while  parameters  were  still  under 
development.  Regional  objectives  were  acquired  in  the  same  way. 

In  the  subsequent  sections  on  Regional  Objectives  and  Regional 
Characteristics,  tlie  various  deficiencies  in  this  type  of  regional 
information  were  identified  with  indications  of  the  constraints  to 
planning  and  evaluation.  Adequate  and  reliable  physical,  socio- 
economic, environmental  and  ecological  data  are  essential  to  the 
process.  While  we  were  able  to  obtain  accurate  demographic  and 
economic  data,  tliere  are  deficiencies  in  several  categories  of  environ- 


mental  data  due  to  the  lack  of  measurement  in  the  basin.  There  is 
also  a significant  lack  of  information  on  life  styles,  social 
preferences  and  human  behavior  generally,  especially  with  regard  to 
forecasting  the  future. 

It  has  been  said  that  goal  setting  and  goal  achievement  is 
what  planning  is  all  about.  The  search  for  objectives  was  conducted 
among  ail  the  public  and  semi-public  planning  agencies  and  some 
private,  with  the  eventual  conclusion  that  there  is  a deficiency  in 
clearly  defined  goals  and  objectives  for  the  region,  and  perhaps 
more  serious,  an  inadequacy  of  procedures  for  establishing  them. 

The  establishment  of  goals  has  been  limited  by  the  specific  interest 
of  the  individual  agency,  and  even  the  sum  of  the  subgoals  will  not 
equal  an  optimized  whole. 

Corps  guidance  identified  impact  assessment  and  the  measurement 
of  effects  as  separate  aspects  of  methodology.  Impact  assessment  is 
described  as  the  identification  of  the  achievement  of  the  program 
technical  goals  in  relation  to  the  alternative  plan  impacts  on  the 
ecological,  social  and  other  aspects  of  the  region.  In  practice  it 
has  involved  an  analysis  of  inputs,  processes,  plants,  and  outputs. 

The  second  area  is  the  measurement  of  effects  which  involves 
the  identification  of  the  beneficial  and  detrimental  contributions 
of  alternate  systems.  Both  identification  and  measurement  have  been 
essentially  a continuing  process  in  the  evaluation.  Each  evaluator 
in  the  group  independently  assessed  the  elements  of  each  alternative 
with  particular  concentration  in  his  own  specialty.  There  were 
continuing  interchanges  of  ideas  through  regular  meetings,  which 
established  both  antagonistic  and  supportive  elements.  The  elements 


were  displayed  in  a way  to  allow  future  trade-offs  without  suh- 
merging  any  aspect  of  professional  judgment. 

In  addition  to  regular  meetings  among  the  evaluating  disciplines, 
occasional  opportunity  was  afforded  to  maintain  an  iterative  excliange 
with  the  engineering  contractors,  to  exchange  ideas  and  to  clarify 

! 

impressions  of  the  various  alternatives.  I-airly  early  in  this  j 

overall  process  of  exchange,  tlie  evaluation  group  was  able  to 
identify  similarities  and  differences  among  the  alternates  or  system 
components,  and  thereafter  our  general  evaluation  was  developed  by 
component . 

The  development  of  a component  evaluation  was  also  a part  of 
the  process  whereby  the  parameters  were  reduced  to  those  of  greater 
significance.  The  major  elements  or  components  included  Sources, 

Collection,  Treatment,  Residuals,  and  Disposal.  Each  major  com- 
ponent was  divided  into  subcomponents,  each  with  its  capacity  to 
induce  change. 

The  sources  of  waste  included  industrial  and  domestic  sources, 
urban  and  non-urban  runoff,  cooling  water,  and  general  aspects  ' 

common  to  all  classes  of  sources.  The  particular  significance  of 
the  inclusion  of  this  category  is  the  opportunity  to  consider  means 
other  than  treatment  for  the  reduction  and  control  of  wastes.  Under 
collection,  we  are  referring  to  the  collection  system  itself,  the 

requirement  for  major  interceptors,  the  interconnection  of  present  ‘ 

sewer  plants  where  regionalization  is  indicated,  the  establ  isliment 
of  stormwater  collection  basins  and  other  changes,  botli  structural 

and  non- s tructural  for  waste  control.  j 

Under  treatment , the  subcategories  of  Indus  trial /domes t ic  land 

treatment,  advanced  waste  treatment  discharging  to  water,  stormwater 
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treatment  and  cooling  water  control  are  indicated,  with  the  changes 
imposed  by  each  and  the  impact  area  among  the  five  categories  listed. 

Among  the  major  considerations  imposed  is  a change  in  the  current 
philosophy  of  waste  treatment. 

The  final  two  categories  include  residuals  and  disposal,  with 
residuals  including  effluents,  the  various  types  of  sludges  and 
the  gaseous  residuals  from  the  several  types  of  plans.  Under  dispo 
sal , consideration  was  given  to  the  potential  for  transfer  or  recy- 
cling of  the  residuals,  with  consideration  of  incineration,  land 
application,  strip  mine  use,  the  disposition  of  treated  agricultural 
crops  and  consideration  of  "ultimate"  disposal. 

The  practice  of  disaggregating  treatment  systems  into  components 
and  subcomponents  enabled  a simplification  of  a complex  process  for 
easier  analysis  by  disciplines  not  normally  involved  with  sanitary 
engineering.  It  expanded  the  area  of  environmental  interest  to  all 
members  of  the  group  and  reduced  the  complexity  of  plan  evaluation. 

At  the  same  time,  individual  components  and  subsystems  could  be 
readily  aggregated  into  an  alternate  system  analysis. 

As  a procedural  matter,  the  parameters  used  to  measure  impacts  j 

are  listed  in  the  succeeding  pages  of  this  section.  The  question 
of  the  units  used  in  measurement  of  impacts  deserves  a more  compre-  ■ 

hensive  answer.  There  are  certain  units  which  are  obvious  and  mean-  ] 

ingful  and  these  have  been  used  where  they  exist.  Such  things  as 
energy  and  chemicals  required,  the  tons  of  sludge  produced  or  burned, 
the  ftcres  used  by  each  plan  and  the  families  displaced,  the  recrea- 
tion days  made  available,  have  been  displayed  in  the  evaluation  where 
warranted.  Where  quantification  is  not  obvious  it  has  been  used  spar- 
ingly with  recognition  of  its  subjective  nature. 
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The  evaluation  group  has  reviewed  a number  of  suggested  matrix 
systems  that  are  dependent  upon  quantification  of  a range  of  impacts. 
It  has  thus  far  rejected  these  as  an  attempt  to  structure  the  unstruc- 
turable.  While  any  evaluation  involves  value  judgments,  the  attempt 
to  quantify  impacts  and  to  produce  some  kind  of  a composite  impact 
table  to  score  the  various  systems,  is  to  throw  more  impediments  in 
the  way  of  decision  making.  At  this  time,  there  does  not  appear  to 
be  any  common  unit  allowing  us  to  quantify  the  amount  of  secondary 
environmental  pollution  to  the  point  of  arriving  at  an  overall  impact. 
A safeguard  is  needed  against  false  precision  and  the  non-quantif iable 
should  be  left  in  plain  textual  terms  in  which  form  it  must  ultimately 
be  assessed  by  decision  makers. 

The  question  of  liow  the  beneficial  or  detrimental  character  of 
impacts  be  determined  is  simplified  in  considerable  degree  by  the 
assessment  of  sub -component s which  have  a less  complex  impact.  Fssen- 
tially  the  determination  was  made  based  on  the  actual  or  potential 
damage  or  benefit  to  people  or  the  environment.  In  many  respects, 
the  characterization  of  a plus-minus  value  would  bo  obvious  from  the 
nature  of  the  parameter. 

Another  point  is  the  method  of  establishing  the  relative  signi- 
ficance of  the  different  impacts  and  here  there  are  a variety  of 
indices.  Obviously  the  magnitude  of  impact  is  significant,  based  on 
miles  of  stream,  acres  of  forest,  or  numbers  of  people  protected. 

Such  questions  of  whether  an  impact  is  long-term  or  short-term,  or  a 
temporary  change  versus  an  irreversible  effect  are  significant.  The 
assessment  of  whether  a pollution  abatement  technology  reduces 
overall  pollution  or  merely  accomplishes  a transfer  would  establish 
significance . 
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In  the  course  of  the  investigation,  matters  of  significant 
concern  to  the  evaluation  group  or  the  individual  discipline  were 
developed  into  specific  papers  which  were  incorporated  into  specific 
areas  of  this  report.  The  content  will,  in  each  case,  indicate  its 
relationship  to  the  overall  evaluation.  In  general,  such  separate 
papers  dealt  with  systems  or  subsystems.  In  a real  sense,  the 
overall  evaluation  process  has  permitted  the  retention  of  a total 
system  approach  and  reflected  rather  than  submerged  the  individual 
discipl inary  inputs , which  then  have  been  displayed  in  organized 
fashion.  In  the  evaluation  sections,  the  significant  impacts  have 
been  aggregated  into  appropriate  groupings  for  purpose  of  convenience, 
but  the  significant  inputs  remain. 

Finally,  our  evaluation  procedure  has  essentially  been  established 
and  completed  on  the  basis  that  the  analyses  and  judgments  of  well 
informed  experts  are  meaningful,  reliable  and  in  the  aggregate  provide 
a better  estimate  or  evaluation  than  a quantified  score  sheet.  The 
validity  of  the  expert  judgment  is,  of  course,  limited  by  the  quality 
and  adequacy  of  the  information  provided  to  them  or  developed  by 
them  as  a basis  for  their  evaluations.  In  this  respect,  the  research 
has  been  as  exhaustive  and  comprehensive  as  time  and  resources 
could  provide. 
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III.  PARAMETER  DEVELOPME,JT 


A.  INTRODUCTION 

The  contract  called  for  the  evaluation  team  to  establish  para- 
meters for  the  subsequent  impact  assessment  in  five  categories  of 
concern:  ecology,  public  health,  esthetics,  social  well-being,  and 

economics.  Included  under  these  labels  were  also  parameters  on  more 
general  environmental  concerns,  recreation,  and  institutional-political 
factors. 

The  following  parameters  were  developed  by  relating  known  tech- 
nology in  wastewater  treatment  to  existing  conditions  in  the  river 
basin  area,  or  alternatively  to  factors  which  remained  unknow'n  until 
design  completion,  such  as  cost  factors.  A number  of  apparent  in- 
stances of  overlapping  have  been  included  in  the  parameter  listings, 
such  as  recreational  concerns.  Such  redundancy  was  occasioned  by 
varying  perspectives  of  a critical  factor  and  in  some  instances,  by 
a concern  for  emphasis.  We  developed  groupings  of  parameters  or 
characteristics  which  are  capable  of  change  and  which  may  be  more  or 
less  significantly  impacted  by  the  planning  and  implementation  of 
particular  wastewater  treatment  systems.  The  parameters  were  circu- 
lated to  the  technical  contractors,  although  not  as  early  as  desired, 
as  part  of  the  iterative  process  between  evaluation  and  design. 

During  the  development  of  parameters  we  uncovered  general 
considerations  that  have  influence  on  plan  analysis  and  public  and 
official  review.  In  particular  the  following  questions  become  signi- 
ficant : 


i 
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Scope 

IVill  the  plan  be  truly  regional  and  inclusive  in  scope;  will 
it  consider  all  types  o 1 waste,  including  non-point  sources;  does 
it  embody  a concept  of  total  water  management;  does  it  consider 
complete  systems? 

Political  Feasibility 

Will  the  treatment  system  exhibit  a sense  of  institutional 
realism;  can  it  be  made  both  palatable  and  essential  to  politician 
and  public? 

future  Orientation 

Will  the  plan  be  sufficiently  flexible  to  comprehend  future 
changes  in  population,  land  use,  technology  and  standards  other  than 
those  projected;  will  the  quantity  of  water  use  and  wastewater  be 
viewed  as  fixed  or  as  a variable  subject  to  economic  and  political 
constraints;  will  there  be  due  regard  for  long-term  maintenance  and 
enhancement  of  tlie  environment  as  opposed  to  short-term  local  uses; 
will  there  be  any  irreversible  ecological  alterations  involved? 

S igni f icance 

Is  something  obvious  going  to  happen  as  a result  of  the  plan; 
will  recognizable  and  useful  improvement  take  place  in  the  quality 
of  Lake  brie  water  and  the  several  streams  and  rivers? 

Recycling 

Is  there  enough  water  to  waste;  can  we  substitute  a water 
recycling  concept,  a continuing  use  of  resources,  for  a disposal 
orientation;  does  the  plan  account  for  the  return  of  all  elements 
to  the  ecosystem  or  are  we  engaged  in  the  development  of  end  pro- 
ducts for  "ultimate  disposal"? 
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Various  constraints  affected  our  development  of  parameters  and  -j 

our  later  applications  of  them.  For  one  thing,  there  is  no  unambiguous 
social  welfare  function  that  can  yield  clear  and  ordinal  rankings.  We 
are  dealing  with  sets  of  contingencies  in  a systemic  framework,  each 
with  interdependencies  that  makes  ranking  by  significance  inadvisable 
if  not  actually  misleading.  The  question  of  significance  and  impact 
is  as  much  a function  of  the  specific  plan  proposed  as  it  is  of  any 
integral  value. 

Another  constraint  existed  in  the  stage  of  regional  development 
of  the  target  area.  Regional  policy  mechanisms  are  relatively 
immature.  Approaches  to  regional  cooperation  have  been  consistently 
marked  by  antagonistic  local  interests.  Coupled  with  this  is  the 
lack  of  comprehensive,  current  data  banks  in  any  readily  available 
form.  There  is  consequently  a lack  of  regional  awareness  and  gaps 
in  planning  not  usual  in  many  other  major  metropolitan  areas. 

The  parameters  are  presented  as  developed  by  the  team  members 
assigned  to  each  category.  Time  constraints  prohibited  putting  the 
categories  into  a uniform  format. 

HCOLOGICAL  PARAMETERS 
1 . Introduction 

An  assessment  of  ecological  impacts  of  wastewater  alternatives 
for  the  Three  Rivers  Watershed  should  be  based  on  structural  and 
functional  characteristics  of  mature,  stable,  and  healthy  ecosystems. 

Ihe  ecosystem  is  the  basic  functional  unit  in  ecology.  The  term 
ecosystem  was  first  proposed  by  the  British  ecologist  A.  G.  Tanslcy 
in  1935.  It  is  a theoretical  concept  that  enables  ecologists  to 
study  in  a systematic  manner  complex  interactions  between  Jiving 
organisms  and  tiic  pliysical  environment. 
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Plants  and  animals  and  their  nonliving  surroundings  are  inter-  : 

related  in  the  ecosystem  to  such  an  extent  that  the  entire  unit  I 

functions  as  a whole- -a  kind  of  super-organism.  I'he  flow  of  energy 
between  the  living  and  nonliving  components  leads  to  clearly  defined 
food  chains,  biotic  diversity,  and  a regulated  exchange  of  material 
between  the  living  and  nonliving  parts. 

2 . licosystem  Description 

For  analytical  purposes,  the  ecosystem  can  be  subdivided  into 
structural  components  and  functional  processes.  The  following  I 

structural  components  may  be  recognized:  (1)  inorganic  substances  ■ 

(C,  N,  CO2,  H2O,  etc.)  involved  in  nutrient  cycles;  (2)  organic 
compounds  (proteins,  carbohydrates,  lipids,  humic  substances 

etc.);  (3)  climate  regime;  (4)  producers- -mostly  green  plants  ; 

i 

which  are  able  to  manufacture  liigh  energy  food  materials  from  I 

simple  inorganic  compounds;  (5)  consumers,  mostly  animals  which  in-  j 

gest  other  organisms  to  particulate  organic  matter;  (6)  sapro-  | 

trophic  organisms,  mostly  bacteria  and  fungi,  whicli  digest  complex 
compounds  of  dead  organisms,  absorb  some  of  the  decomposition  pro- 

1 

ducts,  and  release  inorganic  nutrients  and  organic  substances  that  j 

may  regulate  other  biotic  components  of  the  ecosystem.  Inorganic  I 

substances,  free  organic  compounds  and  the  climate  regime  represent  ] 

the  abiotic  components,  and  the  producers,  consumers,  and  saptrotophs  J 

I 

comprise  the  biotic  and  biomass  portion  of  the  ecosystem.  ' 

A 

From  the  func’tional  point  of  view,  the  ecosystem  contains  an 
autotrophic  component  (autotrohpic  = self-nourishing),  in  which  sun-  | 

light  is  used  by  green  plants  to  synthesize  complex  organic  j 

materials  from  simple  inorganic  substances,  and  a heterotrophic 
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component  (heterotrophic  = other-nourishing),  in  which  the  complex 
organic  materials  are  rearranged  or  decomposed  into  simple  sub- 
stances with  the  release  of  stored  energy.  Tliese  major  functional 
divisions  may  be  further  analyzed  in  terms  of  (1)  energy 
circuits,  (2)  food  chains,  (3)  diversity  patterns  in  time  and 
space,  (4)  biogeochemical  cycles,  (5)  development  and  evolution 
and  (6)  control  mechanisms. 

Ecosystems  may  range  in  size  from  small  microecosystems 
contained  in  the  laboratory  to  large  units  comprising  an  entire 
watershed.  Groups  of  waterslieds  or  even  entire  biomes  or  deciduous 
forests,  grasslands,  tundra  and  deserts,  for  example,  may  be 
regarded  as  ecosystem  units. 

3 . Ecosystem  Evaluation 

Over  periods  of  millions  of  years  ecosystems,  like  living 
organisms, have  evolved  into  characteristic  entities  with  well- 
defined  biotic  and  abiotic  components.  Ecosystems  are  capable  of 
self -maintenance  and  self - regulation  as  are  their  component  popu- 
lations and  organisms.  The  interaction  of  material  cycles  and 
energy  flow  generates  a self -regulating  or  homeostatic  control 
that  requires  no  outside  regulation.  Really  good  homeostatic 
control  comes  only  after  a long  period  of  evolutionary  develop- 
ment. New  or  immature  ecosystems,  because  of  poorly  developed 
control  mechanisms,  tend  to  oscillate  more  violently  and  arc 
easily  disrupted  by  external  disturbances.  Mature  ecosystems,  on 
the  other  hand  after  long  periods  of  evolution  have  developed 
homeostatic  controls  to  such  an  extent  that  very  great  external 
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forcos  are  required  lo  upset  their  equilibrium. 

Unfortunately,  man,  noting  principally  as  a geological 
agent,  has  been  able  to  disrupt  the  internal,  self -regulating 
control  mechanisms  of  many  ecosystems  through  his  careless  and 
unwise  use  of  the  system's  structural  components.  When  man 
destroys  autotrophic  organisms,  increases  soil  erosion,  releases 
toxic  substances  or  introduces  organic  materials  such  as  domestic 
sewage  at  rates  that  cannot  be  assimilated,  the  control  mechanisms 
may  falter,  resulting  in  the  destruction  of  the  system,  or  in  the 
creation  of  an  unstable  ecosystem  that  is  easily  disrupted  by 
factors  that  normally  exert  very  little  effect  on  the  system. 

Mature,  stable,  and  healthy  ecosystems  have  a number  of 
attributes  or  characteristics  that  can  be  evaluated  to  determine 
the  system's  state  of  maturity  (Odum,  1969).  Indirectly,  these 
attributes  reflect  the  degree  of  stability  or  the  "health"  of  the 
ecosystem . 

A list  of  attributes  or  parameters  that  can  be  used  to 
evaluate  ecosystems  is  shown  in  Table  1.  The  parameters  are 
divided  for  convenience  into  (1)  energetic  parameters,  (2)  struc- 
tural components,  (3)  life  histories  of  oganisms  present, 

(4)  nutrient  cycles,  (5)  selection  pressure,  and  (6)  overall 
homeostatic  conditions.  Column  2 gives  the  typical  characteristics 
expected  for  each  of  the  parameters  in  unstable,  immature  ecosystems 
such  as  those  disturbed  by  man.  In  Column  3,  the  characteristics 
of  typical  mature,  healthy,  and  stable  ecosystems  are  shown. 

Methods  for  evaluating  each  of  these  attributes  or  parameters 
are  well  established  for  some  parameters,  but  poorly  defined  for 
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others.  The  numbers  in  Column  4 indicate  those  parameters  for 
which  widely  accepted  methods  are  available  for  evaluating  the 
particular  parameters.  The  numbers  also  indicate  a priority 
list  which  should  be  considered  in  choosing  parameters  for 
actual  field  evaluations  of . ecosystems . These  parameters  apply 
to  terrestrial  as  well  as  aquatic  ecosystems. 

Excellent  evaluations  of  most  ecosystems  can  be  obtained  by 
using  only  a few  of  the  parameters  listed  in  Table  1.  for 
example,  mature,  healthy  ecosystems  are  characterized  by  certain 
dominant  kinds  of  plants  or  animals.  These  organisms  largely 
control  the  energy  flow  and  strongly  affect  the  environment  of 
all  other  species.  The  presence  and  relative  abundance  of  the 
dominant  organisms  are  well  known  for  most  ecosystems.  For  this 
reason,  a relatively  simple  inventory  of  the  dominant  organisms 
can  be  used  very  successfully  as  an  index  of  the  overall  condition 
of  an  ecosystem. 

For  convenience  in  applying  ecosystem  parameters  to  the 
evaluation  of  ecological  impacts  of  wastewater  treatment  alter- 
natives, the  Three  Rivers  Watershed  may  be  divided  into  terres- 
trial and  aquatic  ecosystems.  Each  parameter  listed  in  Table  1 
applies  to  both  terrestrial  and  aquatic  systems.  Each  of  these 
systems  include  an  aerial  zone  and  a soil  and  sub-surface  zone 
(Table  2) . Terrestrial  ecosystems  may  be  further  divided  into 
mature  forest,  early  successional  woodlands,  perennial  cropland, 
annual  cropland,  and  urban  - industrial  areas.  Aquatic  ecosystems 
include  streams,  rivers,  natural  lakes,  peat  bogs,  water  supply 
and  flood  control  reservoirs,  and  recreational  ponds. 
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4.  Uerinilioii  ol'  Hcosvstcm  Parameters 


a.  Community  Pnergetics 

Community  linergetics  refers  to  the  rate  of  energy  flow  through 
the  biological  components  of  an  ecosystem.  The  gross  production/ 
community  respiration  (,P/R)  ratio  is  probably  one  of  the  best 
functional  indexes  of  the  relative  maturity  and  stability  of  tlie 
ecosystem.  In  young,  unstable  ecosystems,  the  rate  of  total 
photosynthesis  exceeds  the  rate  of  community  respiration  so  that 
the  P/R  ratio  is  greater  than  one.  High  P/R  ratios  are  main- 
tained by  man  in  annual  agricultural  crops  through  cultivation, 
use  of  fertilizers  and  pesticides  and  by  harvesting  at  times  when 
the  yield  is  optimal. 

In  stable  and  mature  ecosystems,  the  P/R  ratio  approaches 
one  because  of  the  increased  rate  of  community  respiration.  The 
energy  fixed  in  organic  compounds  tends  to  be  balanced  by  the 
energy  used  for  maintenance  in  the  mature  or  climax  ecosystem. 

In  the  case  of  organic  pollution  of  water,  P/R  is  initially  much 
less  than  one,  but  approaches  one  as  production  increases  and 
respiration  decreases. 

As  ecosystems  mature,  organic  matter  or  biomass  (B)  accumu- 
lates resulting  in  decreased  gross  production/biomass  (P/B)  ratios 
and  increased  values  for  the  amount  of  biomass  supported  per  unit 
of  energy  flow  (B/li  ratio).  Net  community  production  (GP-R)  thus 
decreases  as  ecosystems  mature  (Odum,  1969). 

The  transfer  of  energy  from  green  plants  through  a scries  of 
consumer  organisms  until  all  the  energy  is  dissipated  as  heat  is 
known  as  a food  chain.  Food  chains  are  of  either  the  grazing  or 
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the  detritus  type.  Grazing  food  chains  begin  with  herbivores 
that  feed  on  the  green  plants  and  end  with  carnivores  that  feed 
on  the  herbivores  and  other  carnivores.  Detritus  food  chains 
begin  with  dead  organic  matter,  pass  into  micro-organisms,  then 
to  detritus  feeding  animals  and  finally  to  their  predators.  Food 
chains  vary  considerably  from  one  ecosystem  to  another.  Young, 
rapidly  developing  ecosystems  usually  have  short,  simple,  grazing- 
type  food  chains,  while  the  more  mature  ecosystems  have  long, 
complex,  interconnected,  detr itus - type  food  chains. 

As  ecosystems  mature,  an  increasing  number  of  mechanisms 
develop  that  reduce  grazing,  such  as  the  accumulation  of  indigest- 
ible cellulose  and  lignin,  feedback  control  between  plants  and 
herbivores,  and  increasing  pressure  from  predators.  These 
mechanisms  enable  the  ecosystem  to  exert  greater  control  over  the 
physical  environment  and  mitigate  the  effect  of  rapid  and  severe 
changes  in  the  physical  environment.  Thus  mature  ecosystems 
maximize  for  protection  while  young  ecosystems  maximize  for 


production . 


(1)  Indicators  of  Community  Energetics  in  Aquatic  Zones 


Energy  flow  rates  can  be  determined  from  changes  in  biomass 
and  from  direct  measures  of  metabolic  rates.  Direct  estimates  of 
aquatic  energy  flow  rates  have  been  made  in  only  a few  lakes  witliin 
the  Three  Rivers  Watershed.  Energy  flow  studies  have  not  been 
conducted  in  the  streams  or  rivers. 


Despite  the  lack  of  direct  energy  flow  studies,  estimates  of 
gross  production  to  community  respiration  ratios.,  not  community 
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production,  and  the  nature  of  aquatic  food  chains  can  l>e  obtained 
from  (1)  a knowledge  of  the  species  composition,  and  (2)  from 
chemical  analyses  of  the  effluents  entering  the  waterways  from 
urban,  wastewater  treatment  plants,  industries,  and  from  septic 
tank  drainage . 

(2)  Indicators  of  Community  Energetics  for  Terrestrial  Zone 

The  energetics  of  terrestrial  ecosystems  can  be  estimated  indirect!) 
from  a knowledge  of  tlie  ecological  succe^^ s ional  status  of  the 
region  in  question.  In  the  Three  Rivers  Watershed  tlie  deciduous 
forest  is  the  most  stable,  long-lasting  (climax),  terrestrial 
ecosystem  possible  under  the  prevailing  climatological  conditions. 

At  present,  mature  deciduous  forests  cover  less  than  10  percent 
of  the  basin.  Early  successional  types  of  vegetation  cover  most 
of  the  unmanaged  watershed. 

The  following  successional  stages  occur  in  terrestrial  portions 
of  the  Three  Rivers  Watershed:  (1)  urban-industrial;  (2)  crop- 

lands harvested  annually;  (3)  permanent  pasture  and  managed 
grasslands;  (4)  shrub-early  successional  woodlands;  and  (.S)  mature 
woodlands.  Acreages  covered  by  each  of  these  zones  can  be 
estimated  from  aerial  photographs, 
b.  Community-Structure 

Community-Structure  refers  to  the  variety  and  quantity  of  the 
biotic  and  abiotic  components  within  an  ecosystem.  These  include 
the  concentration  of  various  inorganic  nutrients,  organic  com- 
pounds, and  the  kinds  and  relative  abundance  of  producers,  consumers 
and  decomposer  organisms.  The  stability  of  an  ecosystem  depends 
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on  the  kinds  of  organisms  present  (species  composition),  the 
spatial  distribution  pattern  of  organisms  (solitary  or  grouped) 
and  the  organization  of  species  into  distinctive  communities. 

Community-structure  in  most  ecosystems  is  extremely  complex 
and  difficult  to  analyze.  To  circumvent  these  difficulties,  a 
variety  of  biological  diversity  indexes  or  species  divers i ty 
indexes  have  been  developed.  Species  diversity  indexes  are  ratios 
of  the  number  of  species  to  certain  importance  values,  such  as 
number,  biomass,  or  productivity.  Many  diversity  indexes  have 
been  proposed  and  some  have  been  used  extensively  to  describe 
community  structure. 

The  variety  or  diversity  of  species  tends  to  increase  as 
ecosystems  mature.  Also  the  assemblage  of  organisms  becomes 
more  organized  and  stratified  into  characteristic  patterns  in 
older,  more  stable  ecosystems.  Alteration  of  the  physical 
environment  reduces  biological  diversity,  thereby,  destroying 
stratification  patterns  and  creating  less  organized  and  more 
unstable  ecosystems. 

Indicators  of  Community-Structure.  The  distribution  and 
concentration  of  inorganic  nutrients,  the  diversity  of  species 
and  the  degree  of  community  stratification  and  pattern  diversity- 
can  be  obtained  from  species  inventories  and  from  chemical- 
physical  surveys  of  the  soil  and  water.  Most  ecological  studies 
conducted  within  tlie  Three  Rivers  Watershed  have  focused  on  some 
aspect  of  community-structure. 


7 
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Lil'e  History 


c . 


Life  History  refers  to  the  various  developmental  stages 
tlirougli  wliicli  organisms  pass  during  tlieir  lifetime.  These  stages 
in  development  are  often  accompanied  by  changes  in  food  liahits, 
body  size  and  appearance,  habitat  preference,  and  niche  require- 
ments . 

As  ecosystems  mature,  organisms  with  longer  and  more  complex 
life  cycles  form  an  important  part  of  the  community.  Jn  early 
stages  of  ecosystem  development,  the  organisms  are  small  with 
simple  life  histories  and  rapid  rates  of  reproduction.  The  cliange 
to  larger  organisms  in  mature  ecosystems  is  related  to  a shift 
from  inorganic  to  organic  nutrients.  Small  organisms  with  a 
larger  surface  to  volume  ratio  are  able  to  utilize  inorganic 
nutrients  more  efficiently  than  large  organisms.  Niche  special- 
ization and  the  average  size  of  organisms  increases  in  mature 
ecosystems . 

Disturbances  in  the  physical  environment  that  release  large 
quantities  of  inorganic  nutrients  into  the  system  favor  the 
smaller  organisms  and  convert  the  ecosystem  to  a more  unstable, 
early  developmental  stage. 

Indicators  of  Life  History.  An  index  of  the  niche  special- 
ization, size  of  organism,  and  the  type  of  life  cycle  can  be 
obtained  from  species  inventories  and  from  a knowledge  of  tlic 
life  histories  of  the  dominant  organisms.  Except  for  micro- 
organisms this  information  is  well  known  for  most  plants  and 
animals  inhabiting  the  Three  Rivers  Watershed. 
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d.  Nutrient  Cycling 


Nutrient  Cyling  refers  to  the  flux  of  major  elements  such  as 
nitrogen  and  phosphorus  between  the  biotic  and  abiotic  components 
of  an  ecosystem.  Mature  and  stable  systems,  as  compared  to  young 
or  disturbed  ecosystems,  have  a greater  capacity  to  retain  nutrients 
within  the  system.  Nutrient  cycles  tend  to  be  closed  and  the 
nutrients  entrapped  in  the  biotic  rather  than  the  abiotic  components 
of  mature,  healthy  ecosystem. 

Indicators  of  Nutrient  Cycling.  For  aquatic  ecosystems, 
nutrient  exchange  rates  between  organisms  and  the  environment, 
and  the  role  of  detritus  in  nutrient  regeneration  can  be  estimated 
from  chemical  and  physical  water  quality  data.  For  terrestrial 
ecosystems  various  aspects  of  nutrient  cycling  can  be  estimated 
from  the  successional  status  of  the  terrestrial  \egetation,  from 
soil  analyses,  and  from  chemical  analyses  of  ground  water, 
e.  Selection  Pressure 

Environmental  changes,  both  biological  and  physical,  that  create 
conditions  ravorable  to  one  organism  at  the  expense  of  another,  are 
known  as  selection  pressure.  Species  with  high  reproductive  potential 
and  high  growth  rates  are  more  successful  in  young,  developing 
ecosystems.  As  the  ecosystem  becomes  more  crowded,  selection  favors 
species  with  a lower  growth  potential,  but  better  suited  for 
competitive  survival.  Disturbed  ecosystems  frequently  experience 
large  outbreaks  of  nuisance  organisms  such  as  mosquitoes  and  black 


Indicators  of  Selection  Pressure. 


The  growth- form  of  aquatic 


and  terrestrial  communities  can  be  estimated  from  quantitative 
species  surveys.  While  a number  of  species  inventories  arc 
availabe  for  the  Three  Rivers  Watershed,  very  few  contain  quantitative 
information . 

f.  Homeostasis 

Homeostasis  is  the  ability  of  an  ecosystem  to  control  with 
minimum  disruption  to  its  structure  the  effects  of  outside  dis- 
turbances. In  mature  ecosystems,  the  net  result  of  interactions 
among  organisms  is  an  increase  in  symbiosis,  nutrient  conservation, 
stability,  and  organization.  Ecosystems  evolve  toward  as  large 
and  complex  structure  as  possible  within  the  limits  set  by  tlie 
energy  available  and  the  prevailing  physical  conditions. 

Various  forms  of  species  interactions  such  as  mutualism, 
parasitism,  predation  and  commensalism  assume  greater  and  greater 
importance  as  ecosystems  mature  and  reach  equilibrium.  These 
interactions  increase  the  ecosystem's  control  over  external  factors 
and  contribute  to  the  overall  stability  of  the  system. 

Disruption  of  species  interactions  upsets  established 
equilibria  and  interferes  with  the  ecosystem's  ability  to  control 
nutrient  flow,  retain  its  structural  configuration,  and  resist 
external  physical  and  biological  forces. 
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Table  1.  Attributes  or  parameters  that  can  be 
the  degree  of  stability,  maturity  or 
system.* 

used  to  characterize 
"health"  of  an  eco- 

(1) 

(2) 

(3) 

(4) 

Ecosystem  parameter 

Unstable  or 
developmental 
s tages 

Mature  or 
heal  thy 
stages 

P ri  0 ri  ty 

(1)  Community  energetics 

a . 

Gross  production/ 
community  respiration 
(P/R  ratio) 

Greater  or  less 
than  1 

Approaches  1 

5 

b. 

Gross  production/ 
standing  crop 
(P/B  ratio) 

hi  gh 

1 ow 

16 

c . 

Biomass  supported/ 
unit  energy 
(B/E  ratio) 

1 ow 

hi  gh 

17 

d. 

Net  community 
producti on 

high 

1 ow 

1 8 

e . 

Food  chains 

linear  - pre- 
domi nantly 
grazing 

web  1 i ke  - 
detri  tus 

19 

(2)  Community  structure 

f . 

Inorganic  nutrients 

extrabi oti c 

i ntrabi otic 

3 

g- 

Species  composition 

Species  tolerant 
to  wi de  range  of 
condi ti ons 

Species  with 
narrow  toler 
ance  limits 

1 

h . 

Species  diversity  - 
vari  ety 

1 ow 

hi  gh 

2 

i . 

Species  diversity  - 
equi tabi 1 i ty 

1 ow 

hi  gh 

4 

j. 

Stratification  and 
spatial  heterogenity 
(pattern  diversity) 

Poorly-organi zed 

We  1 1 -organi zed  20 
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Table  1 . Conti nued 


(1) 

(2) 

(3) 

(4) 

(3)  Life 

H i s to  ry 

k. 

Niche  specialization 

Broad 

Narrow 

12 

1 . 

Size  of  organisms 

small 

1 arge 

1 3 

m . 

Li fe  cycles 

short , simple 

long,  complex 

14 

( 4)  Nutri  ent  cycl  i ng 

n . 

Mineral  cycles 

open 

closed 

0 . 

Nutrient  exchange 
rate  between  organisms 
and  en vi ronment 

rapi  d 

s 1 ow 

8 

(5)  Selection  pressure 

P. 

Growth  form 

rapid,  "J"  form 

feedback  control 
"S"  form 

9 

q • 

Producti on 

quantity 

quality 

15 

( 6 ) Overal 1 

homeos  tas i s 

r . 

Internal  symbiosis 

underdevel oped 

developed 

10 

s . 

Nutrient  conservation 

poor 

good 

6 

t. 

Stability  (resistance 
to  external  pertur- 

poor 

good 

11 

bati ons ) 


*Adapted  and  modified  from  E.  P.  Odum  in  Science  , 1 64  :262-270  , 
April  18,  1969.  Copyright  1969  by  the  American  Association  for 
the  Advancement  of  Science. 
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Table  2.  Major  ecosystems  in  tlu'  Three  Rivers  Watershed  of 
Northeastern  Ohio. 




E cosys  tern 


Type  Terrestrial  Aquatic 

zones  (aerial:  soil:  sub-surface)  (aerial:  sediment:  sub-surface 


Unmanaged 

Mature  Forests 

Streams 

Early  Successional  Woodlands 

Ri  ve rs 

01  d Fi e 1 ds 

Natural  Lakes 
Swamps 
Rese  rvoi rs 
Pon  ds 

Managed 

Perennial  Cropland 
Annual  Cropland 
Urban  - Industrial 


1 

i 


1 
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.'ui  Lculo.,  ical  Inventory 


I ,«  i - U.lii  1 I-  .1  . I'll  ‘ 1 .1.  - I 1 I 1 1 i>  I I III-  1'  I I 111  I I 1 I ->  U I till 

LcCiUio  lo';y  , down  Lo  si'cliIic  [U'ot.css  < uniMim'ii  1 , ;t  mu  i c dut.nlcl 
cdocklist  of  ecolo;’,ical  cnaracter istics  was  nrepared.  These 
oaaracter  Lstics  v;crc  diviticd  into  aquatic,  terrestrial,  sub-surface 
and  ati.iosi'iicr ic  effects,  and  furtlier  subdivided  wit'.i  descriptive 
exaiiiples  of  possible  inpacts. 


1 . Aquatic  Zone 

a.  Ohio  Water  Quality  Standards 

-Bacteria,  temperature,  pH,  odor,  radioactivity, 
dissolved  oxygen,  dissolved  solids 
-Specific  chemical  constituents  including;  arsenic, 
barium,  cadmium,  chromium,  cyanide,  fluoride,  lead, 
selenium,  and  silver 

-Putrescent  and  objectionable  sludge  deposits 
-Floating  deoris,  oil  and  scum 
-.'Juisance  odors  or  colors 

-Substances  harmful  or  toxic,  animal,  plant  or  aquatic 
life 

-Stream  flow  maintenance,  diversion,  impoundment 

b.  Species  diversity 

-Aquatic  benthic  invertebrates 
-Dominant  vascular  plants 
-Soil  invertebrates 

c.  Species  Composition  - Aquatic  Ecosystems 

-Coliform  bacteria 
-Benthic  invertebrates 
-Algae 
- F i s n 

d.  Nutrient  Cycling  and  Storage 

-Phosphorus,  nitrogen  cycling 
-Eutropnication 
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e.  Drainage- -Run-off 

-Related  to  infiltration  rates,  farming  practices 
-Sedimentation  levels,  turbidity 
-Storm  loadings,  run-off  controls 
-Stormwater  constituents;  pollutants 

f.  Insolation 

-Related  to  rate  of  eutrophication,  plant  growth,  lake 
inversion,  decay  factors,  purification  effects 


Terrestrial  Zone 


a.  Species  Composition  - terrestrial  ecosystems 

-Dominant  vegetation 

-Dominant  vertebrates 

-Soil  invertebrates 

b.  Surface  Water 

-Question  of  disposal  of  effluent 

-Secondary  uses,  reuse- -ground  water  recharge,  stream 
augmentation,  heat  sinks  for  power  production,  other 
cooling  purposes,  use  in  industrial  production 

c.  Soil 

-Sludge  disposal  - -Iiigh  nitrogen,  phosphorus,  low  potassium, 
trace  metals  concentrated,  pathogens  can  be  present 

-Accumulation  of  toxic  materials 

-Biomagnification  in  oiota  of  soil  layer,  soil  inver- 
tebrates 

-Erosion  and  sedimentation  factors 

-Soil  chemistry -- impact  of  applied  solutions,  organic 
compiexing,  ion  exchange  and  clay  adsorption  of  heavy 
metals 

-Salinization  of  effluent,  sub-soils,  ground  waters 

-Osmotic  pressure  changes,  related  to  TDS-'-plant  deficiency 

-Potential  reiiabi  litation  with  sludge 

d.  Soil  Permeability 

- Relationship  of  sodium  ion  to  breakdown  in  soil  structure 
and  decrease  in  permeability 

-Long  term  effects  of  application  on  infiltration  and  per- 
colation related  to  permeability  and  life  of  tnc  land 
filter 

-Initial  percolation  rates 

-Other  cnaracteristics : fertility,  texture,  intake, 

holding  capacity,  drainage,  slope 
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0.  Plants 

-Variablo  crop  p i >J nc t i v i ty -- lores t , forage,  agricultural 
-lixtended  growing  season  due  to  heated  materials 
- Biomagui f ication  in  plants - -uptake  of  metals,  toxins- - 
concentration  of  selenium,  molybdenum 
-Deposition  by  evaporation  of  pathogens,  toxicants  on 
leaves,  etc. 

-Reliability  of  crops  for  removal  of  nutrients 
-Biological  changes  in  soil  system,  soil  bacteria-- 
question  of  negation  of  soil  bacterial  action  by 
excess  chlorine 

-Alternately  an  acceleration  of  bacterial  action  ajid 
reduction  of  surface  organic  matter  (related  to  com- 
plexing  of  metals) 

-Changes  in  plant  species  composition 
-Growtn  changes  in  relation  to  wetter  ecosystem  in 
spray  areas 

-Saturation  problems - -denial  of  root  aeration 
f.  Animals 

-Water  related  insect  growth 

-Animal  population,  diversity 

-Species  composition,  dominant  organisms 


Sub -surface  Zone 


a.  Ground  Water 

-Impact  in  spray  areas  on  groujid  water  mound  originating 
at  center  of  irrigation  site,  possibility  of  control  of 
ground  water  table  and  percolate  by  under-drainage 
-Ground  water  chemistry- -dissolved  constituents  to 
local  system,  sucli  as  sodium,  potassium,  chlorides, 
nitrates,  phosphates,  heavy  metals 
-Question  of  migration  of  dissolved  constituents  in 
land  system- -salinization 

-Question  of  alteration  of  ion  excliange  and  sorption 
processes  to  reduce  transmissibility  of  subsurface 
materials 

-Biological  attenuation  in  sub-surface 
-Quantity -- loss  of  aquifer  recharge  by  transfer  from 
river  basin  vs.  increased  recharge  in  irrigation  areas 
-Quantity- -reduction  of  recharge  due  to  the  urbanization 
encouraged  by  new  sewer  systems 

-Need  for  make-up  of  surface  water  due  to  loss  from  iKisin, 
water  demand  increase  due  to  quality  improvement,  popu- 
lation increase 

-Recnarge  with  waste  water- -quality  questions 
-Question  of  leachate  from  landfill  disposal  of  sludge 
ash--strongly  basic  mineral  compositions,  localized 
sulfates,  chlorides 
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Deep 


Wo  11  Dispo.s;il 


b . 

-Ultimate  disposal  policies 

-Geology- -potential  for  aquifer  pollution,  earthquakes 
c.  Mining  Resources 

-Denial  of  access  to  prime  sand  and  gravel  deposits 


Atmospheric  Zone 

a.  Incineration-Combustion  Products 

-sludge  incineration- -oxides  of  nitrogen  and  sulfur, 
particulates,  carbon  monoxide  related  to  temperature 
and  organic  content,  volatilization  of  mercury  at 
300°F 

-Power  production  related  to  treatment  process--air 
pollution 

b.  Aerosols 

-Related  to  spray  irrigation,  viral  content 

c.  Humidity 

-evaporation- - transpiration 

-Micro-climate  changes,  fogging 

d.  Decomposition  Products 

-Anaerobic  decomposition- -hydrogen  sulfide,  methane, 
malodorous  organics 

-Physical-cnemical  by-products,  ammonia  stripping 
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C.  Public  Health  Parameters 


Parameters  in  this  area  were  developed  through  an  exhaustive 
search  of  available  literature  and  discussions  among  governmental  and 
major  private  agencies  in  the  area  and  at  the  state  level.  So  many 
factors  were  uncovered  relating  to  public  health  that  in  the  interest 
of  brevity  and  conciseness  we  present  them  in  the  form  of  a checklist. 
1 . Biological  Agents  --  Pathogens 

a.  Water-borne 

-Bacteria,  Sp i rochactes -- regrowth  conditions 
-Protozoa,  paras i tes -- chlorination  resistance,  motility 
- V'  L ruses 

-major  pollutant  liacard  in  water  reuse 
-primarily  human  in  origin 

-detection  metliods  insensitive  and  inaccurate 
-endemic  occurence  of  water  borne  viruses -- sources  of 
chronic  crippling  diseases,  slow  viruses 
-low  infectious  dose- - incidence  of  subclinical  illness 
-advanced  treatment  may  facilitate  bacterial  multiplication 

b.  Vector -borne 

-various  pathogenic  agents -- tularemia , encephalitis 
-related  to  increase  in  animal  habitat,  pool  of  wild- 
life disease  hosts 

-increase  in  arthropod  vectors,  blood  sucking  insects 
-malarial  transfer,  pesticide  resistant  mosquito  populations 
-related  with  ponding,  solids  disposal 

c . Aerosols 

aerosols  downwind  of  seage  plants,  disposal  areas 
-evaporants,  agricultural  dusts,  fungi,  bacteria 
-emission  from  air-water  inter  face- - lake  waves 

1 . foxic  Agents 

a.  Organic  I’oxicants 

-pesticides,  lierbicides,  fungicides,  detergents, 
phenols,  surfactants,  algal  piiytotoxins 
-organic  care inogens - -po 1 yaroma tic  hydrocarbons 
-mutagenesis,  teratogenes is  and  chronic  degenerative  disease 
-biologically  refractive  agents 
-biostimulants  (DHS) 

b.  Inorganic  Toxicants 


-nitrites,  n i t ra  tes  - - i n fan  t i 1 e me  t liemog  1 ob  i mem  i a , soil  concentrat  on 


i 

I 
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-dental  liuorosis  - fluorine 

-water  hardness -- re lation  to  cardiovascular  diseases 
-metals:  Cadmium,  lead,  arsenic,  barium,  copper,  beryllium, 

silver,  nickel,  zinc,  chromium,  cobalt,  mer- 
cury, selenium,  molybdenum,  tin,  manganese, 
vanadium,  antimony,  strontium 
-acids  and  sal ts - -cyanides  and  sulfides 
-chlorides,  sulfates  and  dissolved  solids 
-ammonia  compounds 

-irritants  (mineralization,  causticity) 

-can  repeated  reuse  of  effluent  lead  to  mammoth  salt 
concentrat ions  - - 7 50mg/ 1 am  above 
-corrosion,  runoff,  aerial  fallout,  additives  used  in 
water  treatment  contribute  to  total  pollution 


3.  Radioactive  Contaminants 


-concentrations  of  radionuclides,  biomagnification 
-Strontium  90,  other  long-lived  isotopes 
-relationship  to  water  cooling  and  stack  emission  in 
nuclear  power  plants,  hospital  and  industrial  wastes 

4 . Biomagnification 

-primary  concentration  by  planktons 
-biochemical  convers ion- inorganic  to  methyl  mercury 
by  microorganisms 

- shel If ish- concentrat ion  of  metals,  radioactives 
-in  food  harvest  from  rivers  and  lakes 
-food  and  fiber  production  using  wastewater 
-increase  in  soil  biota- -earthworms  and  small  arthropods 
in  food  chain 

-if  crop  not  edible,  how  dispose 

-organometall ic  compounds  (chlorides,  idiosphates  ) 
-polychlorinated  biphenyls  (PCB) 

5 . Synergistic  effects 

-chlorinated  phenols,  herbicides  converted  to  dioxins 
in  wastewater  processing,  increased  toxicitics 
-chlorine  disinfection  converts  parathion  to  paraoxon 
-increased  toxins  by  biologic  degradation 
-collective,  cumulative  and  antagionistic  effects 
-chloramines,  chlorphenols  production 
-release  of  mercury  from  sediments  by  deicing  salts 
-heat  reaction- -bacterial  growth  environment 
-nitrates  reaction  with  secondary  amines  - -not rosam i nes 
-potentiation  of  metals  toxicity  by  NTA,  liDTA,  etc. 

6 . Reliabi lity 

-plants  not  fail  safe 

-subject  to  mechanical  breakdown- -sliock  loading 
-less  tlian  critical  toxic  ity- -b  iologica  1 process  poisoned 
-land  disposal  reijuires  constant  hydraulic  infiltration 
rate 

-breakdown  in  under  drainage 
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-pipeline  t'ai  lure -- leakage 

-diurnal  variations  in  f low- -adj ustment  in  treatment  pro- 
cess 

-Unite  renovatiop.  capacity  in  soil--life  span 
-inefficiency,  extended  failures,  power  outages,  by- 
passing 

-provision  of  standby  units,  holding  basins,  alternate 
disposal  methods,  fail  safe  monitoring 


7.  Recreational  Hazards 


-water  borne,  water  associated  enteric  infections 
-upper  respiratory,  eye  and  ear  infections 
-ingestion  of  toxic  algae,  fungi,  actinomycetes  and 
their  toxins 

-ingestion  of  toxic  chemicals - -air-water  interface 
-dermatitis  of  schistosomes,  algae  and  bacteria 
-eye  irritations  related  to  pH,  buffering  capacities, 
etc . 

-accident  hazards  due  to  impaired  visibility  underwater 
(suspended  materials),  slippery  bottom  conditions  caused 
by  excessive  growth  of  slimes  and  weeds,  surface  and 
underwater  debris 

-oxygen  demanding  wastes  - -anaerobic  conditions,  noxious 
waste  products 


8 . Solids  Disposal 

-liygienic  risk,  primary  and  secondary  reduction  concen- 
trates in  groundwater 

-increase  in  rodents,  vermin,  insects,  vectors 
-viral  jconcentrations 

-leachate  products - -groundwater  contamination 
-translocation  of  pathogens  to  s ludge - -concentrations 
-septic  tank  disposal 

-incinerator  products - -volatilization  of  mercury - -other 
metals 

-sulfur  dioxide,  nitrogen  oxide,  stack  pollutants 

9 . Crop  Disposal 


-use  by  humans  or  animals--is  it  usable 
-selenium  and  molybdenum  uptake  in  plants 
-evaporation  of  effluent  on  plant  leaves  - -concent  rat  ion 
-toxicant  absorption- - roots  and  leaves 

-transport  in  soils -- through  plants  into  animal  and  human 
food  webs 

-question  of  pathways,  retention  and  toxicity  of  metals 
in  soils,  plants,  and  animals 
-disposition  of  animal  waste  if  crop  is  used  for  feed 


L 
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U.  HSTHETIC  PARAMETERS 

The  esthetic  parameters  encompass  potential  impacts  of  waste- 
water  management  systems  and  improved  water  quality  on  human  sensory 
perceptions,  including  visual,  olfactory,  taste  and  preferential 
considerations.  This  is  an  especially  difficult  area  of  assessment, 
in  that  esthetics,  by  definition,  relate  to  the  value  orientation  of 
human  response  and  tnose  values  are  not  easily  measured.  Preliminary 
criteria  must  specify  what  is  to  be  considered  as  an  esthetic  benefit 
in  the  impact  of  water  resources  on  human  sensory  perception. 

Generally,  the  value  of  water  as  an  esthetic  resource  can  be 
defined  as  its  input  to  the  overall  landscape  appearance.  Water  is 
a dominant  visual  resource  of  the  landscape  which  is  best  realized 
ih  relationship  to  compatible  contiguous  land  development. 

The  esthetic  impacts  of  alternative  wastewater  management  systems 
derive  directly  from  the  location,  scale  and  design  of  physical 
components  of  treatment  facilities  and  from  the  changes  in  quality 
of  effluent.  The  quality  of  natural  water  bodies,  the  particular 
reuse  potentials  of  the  effluent  and  effects  on  user  activity  patterns 
present  esthetic  implicatiohs  for  the  interrelated  environmental 
components  of  water,  land,  air,  biota,  and  the  general  regional  image. 

Altnougn  esthetic  impacts  are  assumed  to  be  of  lower  relative 
importance  than  the  other  impact  areas,  this  should  not  over  shadow 
the  significance  of  esthetic  implications.  It  must  be  noted  tliat  the 
estlietic  impacts  are  indirectly  derived  from  considerations  evaluated 
under  the  ecological,  iiygieiiic,  social  opportuhity  and  economic  areas 
of  concern.  The  parameters  here  specified  as  esthetic  impacts  must 
be  assessed  from  a cost/benefit  perspective  on  the  one  hand,  in  terms 
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ol'  trade-offs  against  other  objectives,  wiiile  on  the  other  hand, 
considering  the  potential  compatibility  of  those  objectives. 


1 . Water 

a.  Pnysical  Characteristics  of  Water 

-clarity,  color,  turbidity,  odor,  taste,  temperature 
[suspended  materials,  algae,  organic  substances, 
metallic  and  non-metallic  ions,  decay  products) 

b.  Surface  Characteristics 

-oil,  debris,  siltation,  scum,  foam,  froth 

c.  Water  Movement 

-stream  flow,  stagnancy,  water  falls 

d.  Plant  Growth 
-algal  blooms 


2 . Land 

a.  Land  Use 

-effect  on  open  space,  forest,  agricultural  land,  urban- 
ization 

-net  acreage  changes 

b.  Conservation  of  Existing  Landscape 

-retention  of  visual  patterns,  esthetic  stability 

-preservation  of  regional  character 

-perceived  historic  and  scenic  features,  effect  on  resi- 
dents' perception  and  symbolism  of  the  land  (quality  of 
life) 

c.  Land  Reclamation 

-improvement  of  marginal  agricultural  land,  strip  mine 
areas 

-enhancement  of  environmental  quality,  land  fill  areas 

-septic  tank  discharges 

d.  Compatibility  of  Landscape  Changes 

-need  to  mute  visual  symbols  of  waste  disposal  facilities 

-subordination  of  new  structures,  roads,  channels,  ponds, 
lagoons  to  natural  contours,  screening 

-multiple  use  of  facilities  (parks) 
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Recreational  Opportunity  j 

-opportunity  to  create  new  environment  designed  for  j 

leisure  travel,  visual  patterns 
-diversity  of  recreation 

-access  availability  for  various  publics  I 

Disruption  of  Hnvironraent  i 

-changes  in  access,  convenience,  appearance  during  con-  I 

struction  I 

-route  of  least  social  cost  for  pipelines  i 


3 . Air 


a.  Air  Pollution 


e . 


-smoke  (nitrogen  and  sulfur  oxides),  odor,  particulates 
etc.,  produced  by  sludge  incineration 
-power  generation  related  to  disposal  and  pumping  require- 
ments 

-regeneration  of  process  constituents 

b . Odor  effects 

-associated  with  plant  operations,  nolding  basins,  spray 
areas,  organic  decay,  anaerobic  conditions  •! 

-hydrogen  sulfide,  methane,  etc. 

-changes  to  wetter  ecosystem 

1 

c.  Ecosystem  Changes  , 


-changes  in  micro-climate , haze,  localized  fogs,  due  to 
spray  irrigation 
-changes  to  wetter  ecosystem 


4 . Biota 

a.  Nuisance  Organisms 

-algae,  phrae tophy tes , unrooted  aquatic  plants,  insects, 
rodents,  rough  fish 

b.  Wildlife  Habitats 
-wet  land  sanctuaries 

-water  associated  bird  and  animal  life 
-endangered  species 
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c.  Flora  and  Fauna  ; 

-increase  in  desirable  aquatic  plants,  fish,  etc.  | 

-vegetation  complementary  to  river  scope  | 

5 . Other  ‘ 

a.  Regional  Image 

-enhancement  of  regional  image 
-changes  in  perception  of  area 


E.  SOCIAL  WELL- BEING  EAiLUlETERS 


Tlie  development  of  the  social  well-being  parameters  was 
guided  by  guidelines  from  the  Office  of  the  Cliief  of  Engineers 
(18  June  1971)  and  by  tlie  evaluation  team's  experience  and  judgment. 
OCE  defined  tlie  prime  sociological  concern  as  the  preservation  and 
enliancement  of  intra-  and  inter-community  relationsliips  essential 
to  community  viability  and  integrity.  Its  guidelines  placed  empha- 
sis on  (1)  conveniences  of  community  residents,  (2)  community  or 
individual  values,  and  (5)  human  betterment  and  education.  The 
evaluation  teaia's  criteria  were  essentially  tlie  same  but  were 
expressed  in  terms  of  maximizing  individual  growth  and  community 
development . 

In  developing  the  social  well-being  parameters,  consideration 
was  given  to  established  social  goals  for  the  Northeast  Ohio  region. 
Due  to  the  relative  lack  of  regional  awareness,  the  fragmentation 
of  political  structures  and  planning  bodies,  and  the  inactivity  of 
the  Northeast  Ohio  Areawide  Coordinating  Agency,  explicit  social 
goals  for  the  region  were  not  available.  Social  goals  arc  implicit 
in  the  Northeast  Ohio  Water  Development  Plan  and  other  public 
statements.  lany  of  tliesc  had  yet  to  be  presented  to  tlieir  various 
constituencies  at  the  time  of  t;ic  study  and  none  of  tliem  had  tlie 
benefit  of  broad-based  regional  consensus.  In  tlie  absence  of 
specific  goal  statements  we  assumed  a general  g.oal  of  maximizing 
individual  growth  and  community  vitality.  In  selecting  parameters 
we  tried  to  answer  this  (lucstion,  "IVill  water  management  advance 
regional,  community,  or  other  subsystem  goals  and  aspirations  in 
terms  of  (1)  economic  opportunity,  (2)  jiolitical  opportunity, 

(3)  individual  freedom  and  opportunity,  (4)  collective  security  and 
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survival,  recreational  opportunity,  ami  ((>)  educational 


opportuni  L>?”  i’arane'tei'b  wore  developed  for  each  of  the  social 
\;el  1 - heinj;  components  numcratel  aliovc.  flows  of  benefits  and 
costs  to  persons  and  I’rouns  siiould  lie  traced  to  chock  for  possible 
unintended  conse;iuences  of  wastewater  management  on  this  scale. 


■ 


I 


1.  hconomic  Opportunity,  the  first  component. 

Under  this  component  we  examine  the  effects  of  tiie  alternative 
plans  on  tne  basic  needs  of  particular  groups  of  people  in  the  region 
in  terms  of  income  distribution  and  revenue  geiieration. 

Parameters : 


a.  Distributive  equity,  iv'hicli  groups  benefit  most/least 
from  current  water  management  practices  and  wdiicli  benefit 
most/least  from  proposed  alternatives.  Can  more  benefits 
go  to  those  persons  or  groups  with  greatest  needs  and 
least  resources? 

Criteria : Distribution  of  real  family  income  across 

a variety  of  publics.  Publics  to  include  populations 
served  by  each  alternative  plan;  populations  displaced 
or  severely  impacted;  neighboring  populations;  populations 
otherwise  affected  (recreational  groups,  tourists,  water 
consumers , etc  . ) . 

Indicators : 

(1)  Distribution  of  income  (per  capita  income  levelsj. 
(2J  Stability  of  income  (seasonal  fluctuations, 
changing  markets,  etc.). 

(3)  Price  stability  (low  rent  areas,  land  values, 
product  and  service  costs)  . 

(4)  Degree  of  change  in  job  mix  and  potential  for 
job  change  (rural  counties,  inner  cities,  etc.l, 
i.e.  marginal  farmers  to  municipal  employees. 

(5)  Change  in  tax  structures. 

b.  Revenue  development.  Iv'liicii  plan  maximizes  return  on  public 
investments  in  wastewater  management  tiius  reducijig  costs  to  public. 
Which  plan  offers  best  possibilities  for  public-private,  government- 
industry,  coupe  rat  ion -- re t urn ing  revenue  to  public  sector? 
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Criteria : Joint  concern  with  processing  of  raw  materials, 

production  of  goods,  and  reclama Lon  of  residuals  to 
reduce  "wastes"  and  "pollutants."  Shift  in  user  charges 
proportionally  to  larger  consumers. 

Indicators : 

(1)  Number  of  government - Indus  try  cooperative  ventures 
(joint  sitings,  cooperative  industrial  waste 
treatment , etc  . J . 

(2)  Variety  of  revenue  producing  activities  and 
estimated  incomes  (dumping  fees,  location  fees, 
effluent  charges,  resource  charges,  solid  waste 
disposal  fees,  sale  of  agricultural  and  aqua- 
cultural  products) . 


2.  Political  Opportunity,  the  second  component. 

We  examine  citizen  and  consumer  participation  in  political 
processes  associated  witn  planning  for  better  wastewater  management. 

The  goal  is  to  maintain  or  increase  community  integrity  and  individual 
competence . 

Parameters : 

a.  Equality  of  political  opportunity.  Which  groups  participate 
in  decision-making  regarding  current  water  management 
practices.  Can  class  differences  be  taken  into  account: 
e.g.,  the  lower  class  emphasis  upon  a sense  of  place  or 
territoriality,  the  middle  class  values  of  low  population 
density  and  physical  appearance  of  neighborhoods?  Do  the 
alternatives  lend  themselves  to  easy  presentation  and 
understanding  by  the  publics  involved? 

Criteria : Distribution  of  information  and  participation 

opportunities  across  a variety  of  publics.  Adequacy 
and  use  of  communications  media.  Care  taken  not  to 
overwhelm  decision-makers  with  technical  details. 

Indicators : 

(1)  Degree  and  nature  of  citizen  and  consumer  par- 
ticipation (who,  liow  often,  in  what  form). 

(2)  Costs  of  participation  (transportation,  distance, 
time)  . 
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b.  Institutional  Change.  Increased  community  cooperation. 

Promotion  ol  unified  environmental  programs  across  urban-rural,  county, 

metropolitan-regional  boundaries.  Total  waste  management  approach. 

Criteria:  Which  alternatives  lend  themselves  most  readily 

to  inter-governmental  cooperation.  Types  of  institutional 
arrangements  possible  (sewage  districts,  county  governments, 
etc.).  Acceptability  to  other  governmental  units. 

Indicators : 

(1)  Number  and  type  of  intergovernmental  water 
management  or  related  projects. 

(2)  Degree  of  acceptance  or  rejection  of  alternatives 
by  governmental  units  (particularly  those  re- 
ceiving wastes)  . 

(5)  Impact  of  alternatives  on  social  programs  of 
other  federal,  state  or  local  agencies  (OhO, 

Model  Cities,  HEW,  welfare,  etc.). 


3,  Individual  Freedom  and  Opportunity,  the  third  component. 

We  study  opportunities  for  individual  growth  and  initiative, 
the  satisfaction  of  physiological  needs,  safety  needs,  self-esteem 


and  self-actualization.  The  goal  is  to  maximize  freedom  of  choice, 
movement,  expression,  and  individual  accomplishment. 

Parameters ; 


a.  1-reedom  of  clioice,  movement,  and  expression.  Complex 
environments  emit  numerous  messages  to  their  hujnan 
inliabitants  and  elicit  complex  behavior.  The  individual 
has  degrees  of  freedom  to  perform  within  these  environ- 
ments depending  upon  his  perceived  possibilities  for 
functioning.  Societal  constraints  guide  his  functioning 
toward  achievement  of  social  goals. 

Criteria:  lixistence  of  alternatives  and  constraints.  Diversity 

oT  env  i ronments . Choice  ol  goods,  foods,  and  serv'ices. 
Alternatives  in  types  of  water  available  (distilled,  spring, 
non- flour  idated,  soft,  etc.).  Patterns  and  composition  of 
consumption . 


Indicators : 


(1)  Proximity  of  water-based  or  otlier  recreation  to 
residences  . 

(2)  Population  density 

(3)  Proportion  and  location  of  open  land. 

(4)  Variety  and  extent  of  legal  restrictions  (private 
property  rights,  water  rights,  restricted  usage, 
single  purpose  usage,  etc.). 

(5)  User  charges  and  costs. 

b.  Individual  security.  Freedom  from  stress,  (a  function 
of  the  individual's  position  in  the  needs  hierarchy). 
Causes  of  stress  are  physical,  environmental,  economic, 
and  psychological.  Related  to  perception  of  impact  of 
water  pollution  problems  on  one's  life. 

Criteria;  Distribution  of  stressors  (noise,  visual  blight, 
chemicals , population  density,  sense  of  territoriality,  etc.) 
across  publics  affected. 

Indicators : 

(1)  Degree  of  community  and  personal  displacement. 

(2)  Degree  of  economic  violence  (inequities) . 

(3)  Degree  of  social  violence  (discrimination)  . 

(4)  Degree  of  physical  violence. 


4.  Recreational  Opportunity,  the  fourth  component. 

This  component  is  concerned  with  the  variety,  quality,  availability, 
and  distribution  of  recreational  benefits  for  the  general  public. 
Parameters ; 

a.  Variety  and  diversity.  What  kinds  of  recreation  arc 
available  to  which  publics. 

Criteria:  Identification  and  classification  of  recreational 

alternatives . 

Indicators : 

(1)  Number  and  categories  of  water- related  recreational 
alternatives . 

(2)  i)is tribution  of  water  of  quality  suitable  for 
fuil-body  contact  recreation. 
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b.  Equality  of  recreational  opportunity.  Which  groups  benefit 
most/least  from  current  water-related  recreation;  whicii 
will  benefit  most/least  from  alternatives. 

Criteria:  Distribution  of  recreational  alternatives  across  a 

variety  of  publics  and  participation  patterns  . 

Indica  tors : 

(1)  Participation  levels  of  selected  groups. 

(2)  Participation  costs  for  selected  groups. 

c.  Ease  of  access  to  and  availability  of  recreation.  Proximity 
of  recreation  sites  to  residences.  Availability  of  con- 
venient and  cheap  transportation. 

Criteria:  Distribution  of  recreational  opportunities  relative 

to  population  density  and  transportation  networks. 

Indicators : 

(1)  Number  of  recreational  opportunities  per  100,000 
population . 

(2)  Population  density  and  location. 

(i)  Availability  of  transportation  facilities. 


5.  Collective  Security  and  Survival,  the  fifth  component. 

We  assess  tlie  impact  of  regional  wastewater  treatment  upon  the 
survival  of  man  as  a species  and  upon  the  healtli  and  environmental 
security  of  populations  within  tne  region.  We  also  consider  internal 
and  external  security. 

Parameters : 

a.  Internal  security.  Will  the  construction  of  facilities 
or  related  activities  so  alienate  some  groups  as  to 
lead  to  breakdown  in  community  cohesiveness  and  increased 
likelihood  of  violent  acts -- individual , mob,  revolutionary, 
or  subversive  . 

Criteria:  Tlireats  of  violence  and  acts  of  violence  against 

facilities  or  personnel.  Lawsuits  filed,  injunctions  sought, 
other  legal  measures.  Demonstration  picketing,  boycotts. 
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Indicators ; 


(.1)  Number  of  acts  of  harassment  or  violence. 

(2)  Nunber  of  legal  actions  filed  or  sought. 

(3)  Size  and  nature  of  publics  opposed  to  or  supporting 
a given  alternative. 

(4)  Dependence  of  plan  upon  a single  technology  or  major 
facility  . 

b.  External  security.  Effects  of  large  scale  wastewater 
treatment  on  alliances  and  international  agreements  . 

Criteria:  Will  plans  violate  provisions  of  U.S. -Canada 

agreements  on  Great  Lakes  Basins  or  other  international 
environmental  agreements  (U.N.). 

Indicator : 

(1)  Volume  of  water  gained/lost  from  Lake  Erie  under 
alternative  plans. 

c.  Health  security.  Detection  of  health  hazards;  prevention 
of  water-borne  diseases;  occupational  safety;  knowledge 
of  public  desires  as  popular  and  legal  definitions  of 
pollution  change. 


Criteria  and  Indicators:  See  discussion  of  Public  Health. 

d.  Environmental  and  species  security.  Awarness  of  environ- 
mental problems  among  those  wlio  )iad  adapted  to  tliem 
and  take  conditions  for  granted.  Diversity  of  treatment 
technologies  to  prevent  putting  a stranglehold  on  the 
future.  Improvement  in  air  and  water  quality  and  land 
use  . 


Criteria : Dissemination  of  information  on  key  factors  in 

wastewater  management  to  public.  Reduction  of  pollutants 
through  design  and  management.  Variety  in  technologies 
(applying  Ashby's  law  of  requisite  variety). 

Indicators : 
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We  examine  the  effects  of  wastewater  managment  on  tlie  educational 


needs  and  experiences  of  selected  publics  in  the  region  ii.  terms  of 
quality,  variety,  and  opportunity. 

Parameters : 

a.  Quality  and  variety  in  education.  Changing  tax  structures 
or  revenue  sources  associated  with  public  investment  in 
and  construction  of  a regional  wastewater  managment  system 
will  have  direct  or  indirect  effects  on  tne  financing  of 
education.  The  facilities  tliemselves  can  augment  educational 
programs  in  a variety  of  ways. 

Criteria:  Lessening  or  augmentation  of  education  revenues  in 

selected  locales.  Evaluation  of  possible  program  benefits 
associated  with  alternatives . 

Indicators : 


i 

1 


(1)  Potential  for  augmentation  of  educational  programs 
and  facilities  . 

(2)  Potential  for  research  programs  on  water  management 
and  related  subjects  in  association  with  educational 
institutions . 

b.  Equality  of  educational  opportunity.  Can  change  in  revenues 
and  tax  structures  through  public  investment  in  Wastewater 
management  distribute  educational  benefits  in  a more  equitable 
fashion . 

Criteria ; Distribution  of  income  and  financial  aid  across  a 

variety  of  publics.  Availability  of  facilities. 

Indicators : 

(1)  Potential  for  providing  more  equitable  distribution 
of  financial  aid  to  school  districts. 

(2)  Proxiiaity  of  environment- related  education  facilities 
to  users . 

(3)  Availability  of  transportation  to  environment  - related 
educational  facilities.. 


ECONOMIC  PARAMETERS 


The  following  parameters  were  developed  in  this  category: 

1 . Direct  Cost  of  Project 

a.  Capital  Costs 

-Total  cost  of  new  construction,  treatment  plants, 
pipelines,  pumping  stations,  irrigation  facilities, 
plant  life  span 

-Flexibility  - ability  of  the  system  to  respond  to 
technological  change  without  obsolescence,  incorporate 
new  developments,  related  to  sunk  costs;  capability 
to  adjust  to  peak  or  seasonal  loadings,  increased 
loadings  due  to  growth;  capability  to  adjust  to  higher 
quality  standards 

b.  Operation  and  Maintenance  Costs 

-annual,  per  capita,  per  million  gallons 

-utilization  factors 

-economy  of  scale,  recycling,  recover,  user  charges 


2 . Indirect  Costs  of  Project 

a.  Cost  Impact  on  Industry 

-Cost  of  pollution  control  and  benefits  of  improved 
water  quality  for  water  using  industries  (cost  of 
corrosion,  wear,  equipment  cleaning,  in-plant  water 
treatment) 

b.  Cost  of  Municipal  Water  Supply 

-Related  to  source  and  cost  of  procurement  and  treat- 
ment required  to  produce  drinking  water  quality 
recharge  of  ground  water,  discharge  to  headwaters, 
interbasin  transfer) 

c.  Loss  of  Mineral  Resources 

-Loss  of  sand  and  gravel  deposits,  other  mineral  resources 
due  to  flooding,  irrigation 

d.  Flood  and  Erosion  Costs 

-Possibility  of  increased  flooding  due  to  increased 
return  to  river  basin,  increase  in  flow,  erosion  con 
sequences 

e.  Water  Loss 

-Loss  of  water  to  system  due  to  pipe  loss,  irrigation 
and  evaporation,  diversion 
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5 . Land  Use 

a.  Residential,  Commercial 

-Sewage  treatment  expansion,  land  development  pressure, 
land  use  controls,  changes  in  land  values,  desirability 

b.  Industrial 

-Land  vacancies  related  to  pollution  control  costs  in 
marginal  industry;  bankruptcies  and  plant  removals, 
new  industrial  attraction  related  to  available  treatment 

c.  Institutional 

-Locational  decisions  related  to  residential  development, 
obsolescence  of  current  treatment  facilities- -abandon- 
ment, expansion 

4 . Power  Supply 

a.  Cost  and  Availability 

-New  power  demand  for  wastewater  treatment  and  trans- 
portation, cost,  changed  use  patterns,  air  pollution 
controls 

b.  Power  Plant ' Location 

-Relationship  of  conventional  or  nuclear  plants  to 
cooling  capacity  in  wastewater  lagoons 


5 . Redistributive  Effects 

-Distribution  of  costs  and  benefits,  secondary  effects 


b . employment  effects  j 

-In  construction  and  operation,  industrial  attraction,  ] 

multiplier  effects,  agricultural  changes  \ 


7 . Change  in  Property  Values  " 

-Related  to  improved  water  quality,  location  of  waste- 

water  treatment  facilities  and  areas,  agricultural  , 

I land,  competition  among  uses  ■ 

8 . effect  on  Tax  Base 

-Related  to  government  take-over  of  large  land  areas 
for  filtration  i 
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9. 


10. 


11. 


12. 


1 


Effect  on  Recreation 

-Availability  of  alternative  recreational  opportunity 
particularly  related  to  immobile  and  disadvantaged 
-effect  on  recreational  industry,  diversification 


Change  in  Industrial  Mix 

-Possible  changes  in  industrial  diversity 
-Effect  on  agriculture  related  to  land  reclamation, 
yield  improvement,  denial  of  access  to  or  require- 
ment of  crop  changes  on  agricultural  land,  lessening 
of  fertilizer  demand,  long  term  deterioration  of 
land  due  to  accumulation  of  waste  products 
-Effect  on  commercial  fishing  related  to  quantity, 
quality,  production  (spawning  areas  and  hatch 
capability),  edibility  (concentration  of  toxicants) 


Project  Induced  Disruption  j 

i 

-Related  to  physical  space,  construction,  pipe  instal- 
lation, disposal  areas 


Fiscal  Capacity  and  Effort 

-Ability  and  willingness  of  area  to  support  wastewater  * 

treatment 


i 
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INST I TUT  I ONAL - POL I T I CAL  PARAMETERS 


G • 

Political  feasibility  and  institutional  resistance  or  accomo- 
dation are  major  considerations  in  the  social  arena  that  will  dictate 
wnetner  a watersned  plan  becomes  a pnysical  reality  or  remains  as  a 
sterile  recommendation.  While  these  characteristics  are  contained  in 
tne  general  social  well-being  parameters,  a reiteration  with  political 
emphasis  was  considered  essential. 

1 . Bureaucracies 

a.  Bureaucratic  Change- -Stability 

-Changes  in  bureaucratic  power  and  prestige 
-Acknowledgement  of  current  political  systems,  alignment 
and  leadership -- local , county,  regional 
-Vested  interests  in  current  plants,  systems  and  technologies 
-Perception  of  opportunity  in  new  technology  and  management 
-Effect  on  water-related  technicians  and  agencies 
-Changes  in  control  of  policy  and  resources 
-Institutional  realignment  needed  to  control  major  system 

b.  Intergovernmental  Relations 

-Requirement  for  more  intergovernmental  coordination 
-Effect  on  multiple  government  isolation,  autonomy, 
perogatives 

-Support  or  impetus  to  regional  organization,  cohesion, 
planning 

c.  Legislation 

-Requirement  for  new  state  legislation  of  varying  scope 
-New  administrative  organizations 
-Substate  regions 
-Enabling  legislation 

d.  Skills,  Professions 

-Professional  manpower  requirements  for  system  operation- - 
adequacy,  availability 

-Substitution  of  new  skills,  obsolescence,  turnover 
-Training  and  retraining  requirements 
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2 .  Citizen  Involvement 

a.  Tax  liability- -perception  related  to; 

-level  of  local  taxation,  bonds,  assessments 
-amount  and  ease  of  obtaining  federal  and  state  aid 
-front  end  costs 

-user  charges,  distribution,  fairness 
-outstanding  indebtedness  on  existing  systems  to  be 
closed 

-"waste"  of  current  plant  and  capacity 
-least  cost  alternatives 

b.  Political  Access 

-change  in  individual  and  group  access  to  water  and  health- 
related  bureaucracies 

-public  perception  of  opportunity  for  role  in  decision- 
making, feedback 

-anxiety,  mistrust  related  to  outside  intervention  in 
community 

-informational  access 

-public  perception  of  Corps  image  (environmental  indifference) 


3 . Regulatory  Control 

-need  for  increased  control  to  meet  water  quality  standards  > 

-need  for  monitoring  of  operating  bu’^eaucracy  and  of 
technology  (plants,  systems) 

-penalization  of  violations 

-land  use  restrictions,  zoning  changes  required 
-limitation  of  discharges,  individuals,  municipalities, 
industries 

-drainage  controls,  erosion,  sedimentation 

-control  of  urbanization  by  utility  extension  or  denial 

-restrictions  on  individual  conduct 

-perceptions  of  restriction  on  freedom,  individual  conduct 
-control  of  agricultural  products,  uses 

4 . Community 

a.  Community  Disruption 

-loss  of  property  tax  base  by  government  acquisition 
-loss  of  income,  sales  taxes  from  dislocation 
-changes  in  social,  business  patterns,  scale,  from  loss 
of  residents 

-loss  of  residents  and  leadership  skills 
-construction  damages,  pipeline  easements,  neighborhood 
disruption 
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b.  Community  Identity 

-efi'ect  on  visual  personality  of  community,  region 


-disruption  of  historical, 
attributes  of  community 
-effect  on  what  residents 
image,  deterioration 


cultural,  recreational 
think  of  community  and  seif 


5 . Resident  Disruption 

a.  Inconveniences 

-cl\anges  in  access  to  open  space,  recreation 
-changes  in  water  use  rights,  access 
-disruption  to  existing  activities 
-ease  of  adaptation  to  new  conditions 
-access  to  resources  and  services 

-changes  in  diversity  of  recreation  (loss  of  game,  increase 
in  swimming,  etc.) 

-pipeline  easements - -barriers  to  social,  physical  inter- 
change 

-new  access  to  corridors,  recreation  trails 
-disruption  of  traffic  patterns 

b.  Dislocation 

-displacement  by  plant  construction,  taking  of  irrigation 
lands 

-loss  of  homestead,  livelihood 

-changes  in  life  style,  economic  stability,  transportation 
-losses  in  relocation,  forced  sale,  less  than  fee  acquisition 


H.  PRIORITY  PARAMIiTERS  POR  TllE  CLEVELAND- AKRON  METROPOLITAN  RiiGION 


The  exlxaustive  searcli  for  possible  parameters  in  eacli  of  the 
categories  of  evaluation  generated  a very  extensive  list.  It 
was  beyond  tiie  capabilities  of  the  evaluation  team,  Ixecause  of 
resource  constraints,  to  conduct  impact  assessments  for  eacli  of  tlie 
parameters  developed.  Our  intent  at  the  beginning  of  the  study 
was  to  do  a conventional  impact  assessment.  However,  so  many 
questions  regarding  the  adequacies  of  the  technologies  themselves 
arose  that  time  and  again  we  found  ourselves  probing  design  factors 
rather  than  doing  impact  assessment.  In  addition,  tixe  scale  of  tlxe 
regional  system  forced  us  away  from  pinpoint  assessment,  e.g.,  the 
effects  of  outflow  from  a given  steel  plant,  to  categorical  eval- 
uation, e.g.,  tiie  effects  of  industrial  contaminants  upon  the 
general  biota  of  a given  river  or  basin.  iVc  concentrated  heavily 
on  tlie  ecological,  public  healtli,  and  economic  categories  to  the 
detriment  of  the  cstlietic  and  social  well-being  categories.  IVe 
discovered  that  a hierarchical  principle  applicable  to  the  order 
in  which  liuman  needs  are  met  also  applies  to  social  system  needs. 

July  to  tlie  extent  tiiat  fundamental  public  healtli  and  ecological 
factors  arc  favorable  can  othei  amenities  sucli  as  esthetics  and  cer- 
tain aspects  of  social  well-being  become  salient. 

Certain  fundamental  problems  in  large  scale  application  of 
advanced  wastewater  treatment  procedures  w'hcther  of  the  biological, 
physical-chemical,  or  "living  soil  filter”  variety  also  mandated 
a concentration  on  ecological,  public  health,  and  economic  parameters 
Projection  of  present  trends  with  regard  to  wastewater  treatment 
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teclmolo^y  in  tae  tartlet  region  revealed  a massive  and  perhai)S  unal- 
terable comiiuti.ient  to  b iological  - p!iys  ical -cliemical  processes  witli 
water  disposal  of  effluent.  Given  a system  virtually  locked  into 
tiiis  teciuiological  pattern,  tlie  overriding  question  at  tliis  point 
in  time  must  be  whetiier  this  toclmology  is  as  sound  in  terms  of  eco- 
logical and  ])ublic  iiealtli  impacts  as  alternative  teclinologies . 

Tiiese  necessities  made  us  modify  our  evaluation  and  be  highly 
selective  in  our  cmpiiasis.  Considerable  attention  was  paid  to 
ecological  parameters  witli  particular  attention  paid  to  a resource 
demand  compo)ient  and  a hydrologic  effect  component.  In  addition, 
residuals  from  eacii  of  the  treatment  designs  were  stressed  because 
of  tiie  secondary  effects  they  create  upon  tlie  environment.  In  t’ae 
public  iiealtli  category  considerable  attention  was  paid  to  tlie 
efficiency  and  reliability  of  the  various  processes  as  well  as 
tlieir  flexibility.  Stormwater  management  and  disposal  of  residuals 
cut  across  both  ecological  and  public  healtli  categories,  as  well 
as  Having  some  economic  relevance.  In  the  social  well-being 
category  particular  attention  ivas  paid  to  land  use  clianges  and  to 
political/public  perceptions  regarding  acceptability  of  various 
treatment  processes. 
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IV.  REGIOi'IAL  PLAiMi'lIi^lG  OBJECTIVES 


A,  BASIC  REGIONAL  PROBLEMS 

The  identification  of  regional  planning  objectives  requires 
an  awareness  of  the  basic  problems  of  the  study  area  and  of  the 
constraints  that  prevent  the  attainment  of  a more  optimal  condition. 
The  problems  are,  to  a large  extent,  those  associated  everywhere 
with  urbanization  but  with  certain  emphases  and  added  facets  that 
are  peculiar  to  the  region.  Additonal  difficulties  are  introduced 
by  a growing  lack  of  consensus  on  the  direction  of  progress.  At 
this  point  in  American  history,  many  of  the  traditional  objectives 
related  to  economic  growth  are  being  challenged  by  those  who  see 
the  quality  of  life  diminished  and  the  total  environment  degraded 
by  this  philosphy  and  who  would  call  a halt  to  expansion. 

The  main  problems  and  constraints  of  the  Cleveland-Akron 
metropolitan  area  are  readily  classified,  but  their  relationship 
to  wastewater  management  is  varied.  The  impact  of  alternative  waste 
water  management  systems  will  be  most  visible  in  certain  aspects  of 
the  natural  environment,  but  more  distant,  secondary  effects  can 
occur  in  related  elements.  It  must  be  noted  that  the  developing 
trends  in  the  region  may  seriously  affect  the  realization  and  sig- 
nificance of  a comprehensive  wastewater  management  program.  The 
unfavorable  characteristics  are  probably  best  categorized  under 
three  main  headings:  Environment,  Land  Use,  and  Socio-Economic 

Structure . 

1 . Natural  Environment 

a.  Unfavorable  climate  relative  to  competitive  regions  for 
attraction  of  industry. 
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b.  Topographic  constraints  on  urban  development  found  in 
dissecting  valleys  and  steep  slopes. 

c.  Land  spoliation  and  by-passing  due  to  uncoordinated 
development,  including  transportation  and  utility 
networks . 

d.  Inadequate  recreational  land  development. 

e.  Pollution  of  water. 

f.  Pollution  of  air. 

2 . Land  Use 

a.  Unplanned  and  uncoordinated  expansion  of  existing  urban 
center . 

b.  Multi-nodal  aspect  of  the  region,  not  dominated  by  any 
single  urban  configuration. 

c.  Incompatible  land  use  mix  in  existing  urban  areas. 

d . Unplanned  scattered  residential  development,  lacking 
community  identity  and  adequate  services. 

e.  Physical  decline  of  inner  cities. 

f.  Lack  of  region-wide  coordinated  plans  for  wastewater 
disposal . 

g.  Disorderly  and  uncoordinated  development  of  utility 
networks . 

h.  High  proportion  of  residents  without  private  transportation, 
lacking  adequate  mass  transit. 

i.  Inadequacy  of  land  for  industrial  expansion  within  cities. 
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3.  Socio-Economic  Structure 

a.  Population  growth  rates  falling  below  national  averages, 
reflecting  an  out-migration  from  the  region. 

b*  Selective  dispersal  of  socio-economic  groupings  from 
the  central  cities  to  the  suburbs,  creating  a local 
population  decline  and  concomitant  suburban  sprawl. 

c.  Unbalanced  distribution  of  development  opportunities 
in  the  region. 

d.  Over-specialization  of  manufacturing  sector  in  recession- 
sensitive  groups  (durable  goods) . 

e.  Sustained  comparative  loss  in  the  manufacturing  sector 
to  the  larger  region  and  to  other  areas  of  the  nation. 

f.  Central  cities  losing  one  aspect  of  their  economic  base; 
decentralization  of  manufacturing,  and  dispersion  to  areas 
removed  from  local  labor  force  concentration. 

g.  Racial  and  economic  segregation. 

h.  Social  and  economic  decline  (lower  economic  growth  rate) 
of  the  resident  population  in  the  inner  cities. 

NOTES  ON  SPECIFIC  PROBLEMS 
Pollution  of  Water 

In  an  updating  of  monotonously  similar  data,  the  Northern  Ohio 
Urban  Systems  Research  Report  (NOUS)  indicated  that  the  quality  of 
surface  water  in  the  region  had  reached  a critical  level  and  was 
steadily  deteriorating,  mostly  as  a result  of  industrial  waste 
disposal.  They  noted  that  water  is  one  of  the  area's  most  available 
and  most  widely  used  resources  but  that  the  steady  deterioration  of 
quality  is  a major  constraint  to  meeting  future  demands.  I'he 


1 

4 

i 

' 
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pollution  of  Lake  lirie  and  its  tributaries  has  resulted  from  the 


discharjie  of  inadei[uatel  y treated  sanitary  and  industrial  wastc-s 
over  a long  period,  with  water  pollution  problems  impacting  related 
land  as  well  as  water  uses.  The  U.S.  Environmental  Protection  Agency's 
Cleveland  office  reports  a serious  water  pollution  problem,  par- 
ticularly evidenced  in  the  lower  Cuyahoga  River  and  the  lakefront; 
three  major  steel  mills  and  the  City  of  Cleveland  were  cited  as 
major  polluters  and  have  been  on  notice  for  behind-schedule  treat- 
ment plans.  Edwin  Odeal,  District  Engineer  for  the  Three  Rivers 
Watershed  District,  notes  that  an  intensification  of  the  pollution 
problem  occurs  in  the  Cleveland  area  because  the  entire  watershed 
spills  out  there,  with  resultant  impact  on  the  lakefront.  The  Great 
Lakes  Basin  Commission  reports  that  the  sub-basin's  greatest  problem 
is  related  to  urbanization,  with  inadequate  planning  for  the  pro- 
tection and  wise  use  of  natural  resources,  most  significantly, 
the  water  resource.  Although  the  deteriorated  conditions  of 
the  region's  waters  are  being  seriously  addressed  and  recent  con- 
struction has  made  some  local  improvement  in  water  quality,  the 
lack  of  a coordinated  region-wide  system  for  wastewater  management 
by  the  multiple  municipalities  and  industry  aggravates  the  water 
pollution  situation  and  constrains  effective  quality  maintenance. 

Pollution  of  Air 

Air  pollution  is  one  of  the  most  severe  environmental  problems 
facing  the  region.  Air  pollution  relates  to  urban  congestion, 
heavy  traffic  and  industrial  concentration.  The  C 1 eveland -Akron 
metropolitan  area  combines  all  of  these  factors.  Cleveland's  Air 
Pollution  Commissioner  cites  the  major  problem  as  a combination  of 


I 

1 
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high  particulate  levels  coupled  with  high  sulfur  dioxide  emissions, 
with  yearly  levels  over  most  of  the  city  being  substantially  above 
those  considered  safe  by  federal  government  standards.  The  costs  of 
air  pollution  can  be  measured  in  damage  to  human  health,  vegetation, 
and  materials  as  well  as  in  relation  to  visibility  reduction  and 
climatic  changes. 

Land  Use  Patterns 

The  land  use  patterns  of  the  region  present  a picture  of  uncoor- 
dinated growth.  Especially  obvious  is  the  scattered  development 
taking  place  around  urban  centers,  without  the  services  of  adequate 
facilities  and  isolated  from  community  identity.  While  older 
industrial  and  commercial  lands  have  been  strait jacketed  by  residential 
development,  new  industrial  parks  and  shopping  centers  have  arisen 
in  large  tracts  outside  the  densely  urbanized  areas,  mainly  in  close 
proximity  to  major  highway  development.  Over  the  years,  the  amount 
of  agricultural  land  has  seen  a constant  shrinkage,  while  urban  land 
and  suburban  residential  development  has  increased.  Most  of  this 
land  has  been  committed  to  long  term  use  without  land  use  planning 
and  in  virtual  neglect  of  other  types  of  coordination.  While  subur- 
ban development  in  recent  years  has  freed  many  from  the  pressures 
of  the  central  cities,  the  phenomenon  of  sprawling  suburbanization 
has  created  many  other  problems,  not  the  least  of  which  is  tlic 
drain  on  the  tax  base  of  the  central  cities.  The  pattern  of  scattered 
development  has  resulted  in  the  retention  of  many  smaller  governments, 
intent  on  preserving  their  autonomy,  but  presenting  a fragmented 
and  inadequate  approach  to  the  provision  of  public  services  as  well 
as  a barrier  to  effective  regional  coordination. 
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The  growth  of  urbanization  witli  inadequate  comprehensive  plan 
ning  for  the  protection  and  wise  use  of  natural  resources  lias  gen- 


erated numerous  problems  in  the  region,  particularly  involving 
water  and  related  land  resources.  The  Great  Lakes  Basin  Commission 
reports  significant  inadequacies  in  the  Lake  Eric  Basin  in:  land- 

and  water-based  recreation,  flood  protection,  water  quality  pro- 
tection, and  esthetic  and  cultural  opportunities. 

Qverspec i ali zat ion  of  Manufacturing  Sector  and  Recession- 
Sensitive  Industries 

The  economic  base  in  the  region  has  been  largely  dependent 
upon  manufacturing.  While  the  percentage  of  this  employment  has 
been  overtaken  by  service  industries,  the  overspecialization  of 
the  urbanized  centers  in  certain  industry  groups,  notably  durables, 
is  an  unfavorable  feature  since  these  groups  are  recession  sensitive. 

In  periods  of  prosperity,  the  dependence  upon  durable  goods  ensures 

i 

high  production  and  earning  levels,  resulting  in  high  economic  ^ 

J 

growth  rates  relative  to  other  areas.  Conversely,  in  periods  of  j 

recession,  production,  employment,  and  earnings  fall  off  much  ’ 

i 

faster  than  in  other  regions  where  economies  are  more  diversified.  j 

I 

i 

During  the  recent  recession,  unemployment  within  Cleveland  city  j 

limits  reach.,d  ll.S^o,  twice  the  5.9t,  national  average  in  1971,  i 

with  joblessness  among  the  blacks  reaching  18.8°.  Blame  for  what  ' 

ranked  as  the  highest  unemployment  among  the  nation's  20  largest 

cities  has  been  placed  on  Cleveland's  dependence  on  lieavy  industry.  ' 

i 

Unbalanced  Distribution  of  Development  Oppo r tun i t ies  ; 

Viewed  in  the  context  of  the  larger  northeast  Ohio  area,  it  is  ^ 

evident  that  the  economy  of  the  Three  Rivers  Watershed  District  is 
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‘ the  main  area  of  urbanization.  This  area  not  only  has  by  far  the 

t 

I greatest  concentration  of  effective  buying  income,  but  also  high 

, income  values  per  household  as  well. 

The  major  transportation  networks  in  the  area  do  not  provide 
, equal  access  and  mobility  to  all  parts  of  the  broader  region.  The 

Cleveland- Akron  axis  has  experienced  the  problems  of  highly  concen- 
trated urbanization,  while  other  outside  areas  that  might  benefit 
from  development  have  been  unable  to  do  so.  There  is  some  indication 
that  the  major  east-west  transverse  routes  are  drawing  development, 
principally  the  Ohio  Turnpike,  and  Routes  2 and  90,  but  development 
is  still  heavily  concentrated  within  a limited  area  of  the  Three 
Rivers  District,  particularly  in  the  metropolitan  suburbs.  Some 
areas  of  the  broader  region  have  experienced  lesser  rates  of  income 
*•  growth,  and  in  some  cases,  loss  of  population. 

Central  Cities  Losing  Their  Economic  Base 
A decentralization  of  manufacturing  activities  has  been  taking 
place  in  the  area,  and  low  income  groups  residing  in  the  central 
cities  have  been  unable  to  follow  industrial  jobs  to  new  locations. 
Bureau  of  Census  statistics  show  substantial  losses  in  manufacturing 
in  Cleveland,  as  well  as  wholesale  and  retail  trade,  from  1958-19b7; 

I the  data  indicate  a loss  of  26,500  jobs  in  the  three  categories  in 

the  city.  At  the  same  time,  in  the  areas  surrounding  the  city,  the 
Bureau  reports  an  increase  of  90,000  jobs  in  the  three  categories, 
j A 1972  Cleveland  Plain  Dealer  study  reports  a loss  of  46  manufac- 

turing companies  and  3,808  retail  establishments  from  central  Cleve- 
land in  recent  years.  Meanwhile,  the  city's  central  residents  are 
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constrained  from  following  the  dispersed  industrial  activity  by  a 
public  transit  system  where  most  service  runs  within  city  limits. 

The  report  indicates  that  Cleveland's  840  buses  and  117  rapid 
transit  cars  cover  only  694  route  miles  when  in  full  service,  wit): 
routes  providing  only  limited  access  beyond  the  city. 

Thus,  an  imbalance  in  distribution  between  employment  and 
population  has  been  steadily  growing.  This  is  producing  a pattern 
whereby  residents  from  high-income  suburbs  commute  to  the  city 
where  white-collar  jobs  are  located,  while  employment  opportunities 
for  the  lower  skilled  groups  among  central  city  residents  are 
increasingly  diverted  to  the  suburbs. 

The  decentralization  of  industry  has  severly  diminished  the 
central  city  tax  base  and,  at  the  same  time,  has  exported  the  urban 
blight  to  the  suburbs  and  beyond.  The  selective  loss  of  population 
and  industry  from  the  central  cities  has  depicted  their  tax 
resources,  and  has  left  an  increasing  percentage  of  lower  income 
and  less  mobile  groups  wlio  generally  require  expanded  and  additional 
city  services.  This  is  the  dilemma  of  the  urban  core. 

In  summary,  the  major  problems  are: 

1.  flic  problem  of  uncoordinated  growth  which  creates  constraining 
development  conditions,  exemplified  by  scattered  land  use 
patterns  and  fragmented  government. 

2.  The  problem  of  congestion  and  lack  of  recreation  land  in  the 
main  corridors  of  urbanization,  aggravated  by  the  pollution 
of  air  and  water. 

3.  fhe  general  decline  of  the  central  cities  in  terms  ol'  popu- 
lation and  tax  base,  the  suburban  areas  having  deprived  them 
not  only  of  their  most  affluent  residential  population,  |iut 


also,  major  industrial  and  commercial  establishments.  Physical 
and  social  deterioration  compounds  the  problem  of  the  central 
cities  . 

B.  RbGIONAL  OBJECTIVES 

Regional  planning  objectives  for  the  Three  Rivers  Watershed 
area  have  recently  been  supplemented  in  planning  documents  prepared 
by  the  Northeast  Ohio  Areawide  Coordinating  Agency  (NOACA) . NOACA, 
as  a planning  group  covering  the  seven  counties  touched  by  the 
watershed,  comes  the  closest  to  representing  a comprehensive  view 
point  for  the  area.  Yet,  the  history  of  dissension  and  a 'rimony 
among  the  local  government  members  of  the  agency  makes  a consensus 
most  unlikely  except  for  objectives  of  a most  general  nature.  At 
this  time,  many  of  the  goals  and  objectives  are  not  as  clear  and 
precise  as  they  need  to  be.  There  is  a diversity  of  outlook  among 
interest  groups  and  institutions  regarding  many  aspects  and  problems 
of  the  region,  and  indeed,  whether  a regional  concept  should  exist 
and  how  it  should  be  constituted. 

The  inadequacy  of  goal-setting  mechanisms  at  the  regional 
level  has  had  several  unfortunate  consequences.  Of  primary  sig- 
nificance is  the  absence  of  any  public  policy  objectives  for  waste- 
water  management  (or  other  problems  generally  acknowledged  to  be 
regional  in  nature)  that  have  secured  the  agreement  of  the  multiple 
jurisdictions  within  the  study  area.  Of  no  less  importance  is  the 
relative  absence  of  widespread  recognition  among  citizens  and  interest 
groups  of  the  specific  nature  of  the  wastewater  problem  and  its 
inseparability  from  the  watershed  and  the  lake. 


Nevertheless,  even  tentative  and  fragmenting  goals  will  provide 
a background  against  which  the  wastewater  managnient  systems  can  be 
evaluated.  The  material  presented  has  been  obtained  from  a number 
of  government  or  quas i -government  agencies,  local  J ur isd icat  i ons  and 
sub-regional  planning  groups,  private  interest  groups,  and  elements 
of  public  e.xpression  selected  from  regional  news  media.  State  and 
interstate  expressions  have  ben  obtained  from  documents  of  several 
Ohio  departments  and  the  Great  bakes  Basin  Commission.  The  following 
outline  classifies  these  objectives  so  as  to  relate  them  as  much  as 
possible  to  the  selected  impact  categories  of  ecological,  hygienic, 
social,  esthetic,  and  economic  concerns. 

1 . licological  (Environmental)  Objectives 
a-  Natural  Resources 
(1)  Water 

(a)  To  cooperate  on  international  agreements  on  Lake 
Erie,  which  call  for  maintenance  of  the  lake  level, 
non-interference  with  navigation,  and  the  avoidance 
of  injury  to  all  parties  by  reason  of  pollution  or 
by  diversion  or  interference  with  Lake  Erie  water. 

(b)  To  consider  resource  needs,  problems  and  solutions 
within  the  local  river  basin  area,  in  relation  to 
the  Great  Lakes  system. 

(c ) To  provide  for  comprehensive  and  integrated  regional 
water  resource  development  and  management,  to  assure 
optimal  water  supply  from  both  surface  and  ground 
sources  for  domestic,  industrial,  agricultural,  and 


recreational  uses. 


(d)  To  identify  reservoir  sites  and  aquifers  for  pro- 
tection and  acquisition  before  loss  or  damage  from 
competing  land  uses. 

(e)  To  protect  and  preserve  property  endangered  by 
shore  erosion  along  Lake  Erie  and  inland  waters. 

(f)  To  provide  a flood  control  program  incorporating 
flood  plain  zoning. 

(g)  To  establish  water  quality  standards  for  Lake  Erie 
and  streams  tributary  to  the  lake. 

(h)  To  inventory  and  project  pollutional  loads  from 
domestic  and  industrial  sources,  and  provide  the 
treatment  and  regional  systems  required  to  meet 
water  quality  standards. 

(i)  To  identify  other  pollution,  such  as  from  erosion  or 
acid  mine  drainage,  and  recommend  specific  projects 
or  research  directed  at  its  prevention. 

(j ) To  establish  stream  monitoring  as  a surveillance 
tool  in  enforcing  water  quality  standards. 

(k)  To  assure  adequate  waterways  for  commercial  navigation. 

(l)  To  assure  ample  water-based  recreational  opportunity 
through  lake  and  river  valley  acquisitions  and 
development,  and  the  attainment  of  clean  streams 
and  beaches. 

(m)  To  identify  specific  projects  in  need  of  research 

in  all  areas  of  regional  water  management. 

I 
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(2) 


Air 


(a)  To  adopt  unilorm  air  quality  standards  for  the  region. 

(b)  To  coordinate  federal,  state,  and  local  efforts  for 
prevention  of  air  pollution. 

(c)  To  seek  cooperation  between  private  and  public  sectors 
to  implement  air  quality  standards. 

(5j  bnergy  - Minerals 

(a)  To  encourage  the  efficient  use  and  conservation  of 
the  mineral  and  energy  resources  of  the  region. 

( b)  To  provide  accessibility  to  natural  and  mineral 
resources  vital  to  tlie  area. 

( c)  To  avoid  disruption  or  destruction  of  land  by 
inefficient  or  short-sighted  practices  that  make 
it  unavailable  for  subsequent  uses  such  as  indust- 
rial development  or  extraction  of  resources. 

hand  Use 

111  Development 

(a)  To  recognize  in  planning,  that  the  natural  resource 
base  is  limited  and  that  it  is  subject  to  misuse  and 
serious  environmental  damage. 

fb)  To  coordinate  land  use  policy  with  areawidc  planning 
in  order  to  permit  an  efficient  provision  of  urban 
services,  and  to  eliminate  urban  sprawl. 

(c  ■)  To  direct  the  development  of  public  facilities  and 
services  such  as  education,  water  supply,  waste 
treatment  and  disposal  systems  in  order  to  provide 
acccptalile  levels  of  service  with  the  greatest  possible 
efficiency. 
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(d)  To  encourage  development  and  redevelopment  in  areas 
where  existing  facilities  and  services  are  adequate. 

(e)  To  encourage  integration  of  rights-of-way  for  differ- 
ent facilities- -highway , rail,  power  and  pipelines. 

(f)  To  encourage  development  in  areas  to  which  existing 
facilities  and  services  can  be  economically  and 
efficiently  extended;  to  respond  to  change  in  demand 
and  growth  potential . 

(g ) To  promote  redevelopment  and  rehabilitation  of 
deteriorated  areas  with  emphasis  on  the  needs  of 
low  income  and  minority  groups  affected;  to  remove 
facilities  that  do  not  provide  adequate  living 
conditions  and  threaten  adjoining  residential  areas. 

(h)  To  promote  desired  physical  development  by  integrating 
transportation  planning  into  area  development,  and 
providing  appropriate  accessibility  to  various  land 
uses . 

(i ) To  formulate  a transportation  system  incorporating 
all  modes  as  part  of  a general  development  plan  for 
the  region. 

(2)  Open  Space 

Ca)  To  recognize  open  space  as  an  integral  part  of  the 
urban  land  use  pattern  rather  than  as  undeveloped 
real  estate. 

(b)  To  provide  definition  of  urban  form,  and  relief  from 
high  density  urban  development  and  activity  by 
functional  and  esthetic  open  space. 
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(c)  To  conserve  and  protect  natural  features  of  the  land  { 

to  the  fullest  extent  during  development,  and  to 

I 

coordinate  open  space  planning  witli  otiicr  planning 
to  effectively  use  natural  land  characteristics. 

('^)  To  avoid  encroachment  on  sites  or  areas  of  historic 
cultural,  scientific,  or  esthetic  significance;  to 
preserve  areas  of  outstanding  beauty  by  purchase, 
easement,  or  other  suitable  tools. 

n 

(e)  I’o  provide  easily  accessible  sites  to  satisfy  the  ij 

outdoor  recreational  needs  of  the  regional  population. 

(f)  To  preserve  a balance  between  public  and  private 
recreational  facilities. 

2 . Social  Objectives 

a.  Freedom  of  Choice 

(1)  To  provide  maximum  opportunity  for  individual  initiative 

i 

and  freedom  of  choice. 

(2)  To  enable  free  choice  of  housing  location  and  type  for 
the  indi V i dua 1 . 

(5)  To  provide  choice  of  travel  modes  between  places  of 

residence  and  employment,  especially  for  mass  transit 
dependent  population. 

(4)  To  maintain  and  develop  a quantity  and  variety  of  job 
opportunities  in  accessible  sites  to  allow  free  choice 
of  employment  to  the  individual. 

b.  Social  Participation 

(l)  To  increase  the  opportunity  for  individual  involvement 
and  constructive  participation  in  the  activity  of  the 
community . 
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(2)  To  involve  minority  and  low-income  groups  significantly 


in  tlie  decision-making  process. 

(3)  To  encourage  constructive  social  relationships  among  the 
people  of  the  area,  promote  ethnic  and  racial  harmony, 
and  create  a sense  of  community. 

(4)  To  recognize  the  variety  of  religious  and  cultural 
heritages  extant  in  the  area,  and  provide  for  the 
spiritual  development  of  the  individual. 

(5)  To  encourage  a sense  of  dignity,  self  respect,  and  per- 
sonal responsibility  in  individuals  of  the  area. 

( 0)  To  encourage  individual  self -development  through  educa- 
tion and  training;  to  encourage  an  appreciation  of 
esthetic  values, 
c.  Neighborhood  Development 

(1)  To  foster  maintenance  and  development  of  a quantity  and 
variety  of  housing  types  to  satisfy  desired  life  stylos 
and  financial  capacities  of  area  population. 

(2)  To  maintain  safe  and  healthful  living  conditions  in 
residential  areas  by  provision  of  necessary  public 
facilities  and  services. 

(3)  To  provide  adequate  housing  for  low  income  families 
and  to  maintain  housing  units  which  provide  desirable 
living  accommodations  at  low  cost. 

(4)  To  preserve  and  create  residential  areas  which  foster 
opportunities  for  constructive  social  relationships  as 
well  as  provide  for  privacy. 

(5)  To  maintain  established  neighborhoods  and  the  social 
relationships  that  depend  on  the  stability  of  certain 


-85- 


typos  I'f  hoiisiiiij  and  physical  facilities. 


1 

1 

I 

i 

J.  Regional  (Coordination  j 

i 

] 

(1)  i'o  encourage  orderly  and  balanced  growth  and  optimal  i 

development. 

1 

Cil  I'o  identify  area-wide  needs  and  opportunities  and  yet 
reflect  individual  community  characteristics. 

(5)  To  coordinate  all  levels  of  government  to  realize  area- 
wide as  well  as  local  objectives  and  plans.  1 

(4)  I'o  provide  a forum  to  share  ideas  and  information. 

(5)  To  provide  alternatives  for  consideration  in  the 
resolution  of  problems. 

5 . liconomic  Objectives 

a.  liconomic  Growth 

(l1  To  maintain  and  improve  the  area's  competitive  economic 

condition.  < 

(-)  To  create  a climate  to  attract  service  industries, 
light  manufacturing,  research  and  development,  and 

administrative  headquarters  to  complement  the  concen-  ' 

trations  of  heavy  industry. 

b.  Industrial  Development 

Cl)  To  promote  the  preservation  of  prime  industrial  areas 
to  provide  for  the  future  orderly  growth  and  expansion 
of  the  industrial-commerical  base. 

(2)  To  foster  industrial  and  commercial  development  at  ’ 

planned  locations  by  providing  superior  transport 
service,  externally  to  major  markets  and  resource  areas, 
and  internally  between  related  industrial  and  natural 
resource  areas. 
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(3)  To  provide  the  best  possible  relationship  to  locally 
available  resources  such  as  minerals,  water,  and  soil 
deposits . 

(4)  To  maintain  established  or  planned  trade  and  service 
areas  of  regional  and  community  business  centers, 

(5)  To  increase  accessibility  to  and  within  major  business 
districts  to  permit  efficient  movement  of  people,  goods, 
and  materials . 

c.  Employment  Opportunity 

(1)  To  maintain  and  develop  a quantity  and  variety  of  job 
opportunities  which  will  allow  employment  of  all  persons 
in  the  region  who  possess  employable  skills. 

(2)  To  maximize  the  use  of  cultural,  educational,  natural, 
and  economic  resources  of  the  area  to  broaden  the 
choices  and  enrich  the  life  style  of  regional  employees 
in  order  to  encourage  through  them,  the  retention, 
attraction,  and  expansion  of  industry. 

4.  Esthetic  Objectives 

a.  To  identify  and  preserve  vestiges  of  vanishing  wilderness, 
scenic,  and  historic  areas  adjacent  to  rivers  and  lakes. 

b.  To  eliminate  visual  pollution  such  as  stream  and  bank  litter, 
local  dumps,  and  excessive  suspended  solids  input  due  to 
human  activities. 

c.  To  preserve  and  provide  access  to  areas  of  outstanding  beauty 
by  purchase,  easement,  or  other  means. 

d.  To  retain  the  normal  topography  and  drainage,  and  preserve 
natural  vegetation  in  any  developmental  activity. 


1 
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e.  To  provide  for  acquisition  and  preservation  of  wildlife 
habitats,  including  game  areas,  wetlands,  and  preserves; 
to  provide  opportunity  for  fishing  and  hunting. 

f.  To  foster  urbanization  patterns  in  which  significant  areas 
and  features  of  the  natural  environment  are  preserved;  to 
provide  definition  of  urban  form  by  open  spaces. 

Hygienic  Objectives 

a.  To  develop  an  orientation  to  the  prevention  of  disease,  and 
to  the  early  detection  and  treatment  of  chronic  disease. 

b.  To  increase  the  potential  for  delivery  of  health  services 
through  increasing  the  capacity  of  current  facilities  as 
well  as  the  expansion  of  resources. 

^ . To  influence  the  present  arrangements  for  health  services 

in  a manner  that  will  permit  the  best  in  modern  medical  care 
for  heart  disease,  cancer,  stroke,  and  related  diseases  to 
be  available  to  all. 

d . To  overcome  the  deficit  of  health  among  the  poor  by  providing 
for  immediate  health  service  needs,  including  improved  access 

e . To  promote  more  equitable  distribution  of  traditional  and 
innovative  health  services  in  accordance  with  geographic, 
racial,  and  low  income  needs. 

f.  To  improve  the  quality,  marketing,  and  effectiveness  of 
health  education;  to  develop  a central  source  for  health 
informat i on . 


g.  I’o  resolve  the  problem  of  the  fragmentation  of  health  services 
and  to  improve  community  emergency  care. 
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h.  To  improve  the  quality  of  medical  services  through  profes- 
sional and  public  education. 

i.  To  coordinate  a regional  approach  to  the  management  of 
wastewater  and  water  resources. 

j.  To  encourage  the  development  of  a total  solid  waste  manage- 
ment program  for  the  region. 

C.  SUBRHGIONAL  OBJECTIVES 

The  regional  objectives  provide  a general  framework  for  area- 
wide development.  However,  the  region  is  the  sum  of  a number  of  dis- 
parate parts,  not  all  of  which  agree  in  their  respective  develop- 
ment goals.  Any  analysis  of  regional  potential  should  recognize 
the  subregional  differentials,  particularly  those  that  reflect  on 
development  requiring  water  and  waste  management.  The  following 
will  indicate  a limited  aspect  of  the  goals  of  the  several  planning 
jurisdictions  of  Cuyahoga,  Geauga,  and  Lake  Counties,  and  the  Tri- 
County  area  of  Medina,  Portage,  and  Summit  Counties. 

Although  Lorain  County  has  a small  portion  of  two  townships 
within  the  watershed,  the  development  of  the  county  is  anticipated 
without  major  relationship  to  the  Cleveland  area.  The  cities  of 
Lorain  and  Elyria  are  large  enough  to  have  their  own  identity 
and  form  a core  around  which  future  development  probably  will  take 
place.  Both  the  topography  and  the  river  valleys  favor  a north- 
south  city  orientation  rather  than  an  east-west  orientation  toward 
Cleveland.  This,  and  the  extended  travel  time  have  promoted  com- 
mercial development  in  areas  associated  with  central  business 
districts.  Lorain  County,  at  least  for  the  near  future,  is  expected 
to  develop  apart  from  the  Cleveland-Akron  concentration. 
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For  the  other  counties  in  tlie  basin,  the  association  witli 
the  metropolitan  axis  will  be  a prcdominat  i ng  influence.  l.aKe 
County  will  exhibit  an  essentially  linear  pattern  of  development, 
extending  from  tlie  Cleveland  area  eastward  along  the  lake  basin. 
Geauga  County  presents  a defensive  pattern,  limiting  development 
to  present  growtlt  centers  and  areas  closest  to  Cuyahoga  (lounty  and 
hoping  to  preserve  large  areas  of  agricultural  and  open  sj^acc. 
both  Cuyahoga  and  Summit  Counties  are  concerned  with  the  mainten- 
ance and  strengthening  of  existing  urban  centers  witli  Medina  and 
Portage  Counties  anticipating  growth,  but  as  satellite  communities. 
Some  specific  patterns  are  indicated  as  follows: 

1 . Cuyahoga  County 

Drastically  revised  population  projections  for  Cuyahoga  County 
indicate  a need  for  redevelopment  and  revitalization  in  concert  with 
a greatly  reduced  growth  potential.  Although  the  central  city 
will  continue  to  decline  in  population  and  the  suburbs  will  increase 
the  overall  county  population  will  show  little  overall  increase. 

The  objectives  for  specific  development  will  include; 
a.  Residential 

fl)  The  numi)er  of  single  family  homes  built  will  continue 
to  decline  due  to  high  unit  construction  cost  and  lack 
of  vacant  land.  Multi-family  construction  will  com- 
prise most  of  the  county's  new  housing. 

(2)  Development  will  occur  toward  the  borders  of  the  county 
where  tlie  most  vacant  land  and  readily  developable 
acreage  exist. 
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(3)  Population  will  approach  8,000  per  square  mile  in 
Cleveland  and  older  central  communities  by  1990,  as 
few  as  500  per  square  mile  in  far  eastern  suburbs. 

b.  Business  and  Industry 

(1)  Manufacturing  will  experience  little  overall  growth 
due  to  plant  obsolescence  and  adverse  environmental 
conditions  in  older  industrial  areas. 

(2)  Major  occupational  groups  will  include  trade,  finance, 
services,  and  government  employment. 

(3)  Strip  and  scattered  commercial  development  will  decline 
and  will  need  redevelopment  to  other  uses. 

(4)  Additional  regional  centers  will  develop,  related  to 
expanded  industrial  development. 

( 5)  Office  space  will  increase  by  3 . 5 million  square  feet 
for  expansion  replacement  purposes. 

c.  Open  Space  and  Recreation 

( 1)  There  will  be  a need  for  conservation  of  the  little 
land  available,  with  designation  of  flood  plains, 
marshes,  and  steeply  sloping  lands  for  open  space 
preservation . 

(2)  The  growing  recreation  needs  of  the  metropolis  are 
acknowledged . 

d.  Sewer  and  Water 

(1)  The  highest  priority  is  directed  toward  the  alleviation 
of  sower  and  water  planning  problems. 
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Geauga  County 


Geauga  County's  plan  is  basically  a statement  to  reinforce 
existing  trends  and  conditions.  Present  urban  areas  will  be 
expanded  to  accommodate  a large  part  of  the  expected  growtii.  The 
county  aims  to  maintain  its  rural/low  density  residential  character 
as  much  as  possible.  Objectives  for  specific  development  components 
include : 

a.  Residential 

(1)  lligli  density  development  to  be  concentrated  in  or 

adjacent  to  existing  urban  centers,  closely  related 
to  major  transportation  and  utility  systems. 

f2 ) Medium  density  development  to  be  provided  in  areas 
which  can  be  serviced  by  public  water  and  sewer 
systems . 

b.  Agricultural 

(1)  Preserve  the  county's  prime  agricultural  land. 

c.  business  and  Industry 

(1)  Closely  related  to  adequate  transportation,  water,  and 
sewage  facilities. 

(2)  Compact  development:  Business  to  be  located  no  more 

than  one  mile  from  an  existing  area. 

(7)  Industry  to  be  buffered  from  surroundings. 

d.  Open  Space  and  Recreation 

(1)  Preservation  of  major  valleys, 

(2)  Triple  the  land  committed  to  hunting  preserves. 

(3)  Develop  two  state  parks  and  several  county  parks; 
extensive  development  of  scenic  routes  for  hiking, 
horseluick  riding,  etc. 
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(4)  Restrict  urban  development  in  areas  with  severe  soil 


I 

I 


I 


1 imitations . 

(5)  One-third  of  county  area  to  be  retained  for  open  space 
and  recreation, 
e.  Sewer  and  Water 

(1)  Develop  the  West  Branch  of  the  Cuyahoga  River  for  east- 
ern townships. 

(2)  Western  area  to  obtain  water  supply  from  Cleveland. 

(3)  Expand  existing  municipal  treatment  plants. 

(4)  One  new  reservoir. 

(5J  System  to  serve  the  entire  developable  area  of  Geauga 
County  (ranging  from  interceptor  system  to  individual 
septic  tank  systems) . 

3.  Lake  County 

Current  planning  objectives  are  not  available  from  Lake  County 
but  it  is  understood  that  updated  planning  elements  are  in  prepar- 
ation. Present  development  generally  follows  the  zoning  pattern, 
with  a strong  tendency  toward  a linear  arrangement  influenced  by 
Routes  2 and  90.  There  is  no  compact  core,  but  rather  a broad  band 
lying  in  the  lake  plain  along  which  the  highest  residential  and 
industrial  densities  are  arranged.  The  pattern  is  due  to  a combi- 
nation of  topography,  location  in  relation  to  Cleveland,  and  the 
physical  size  and  shape  of  the  county.  Median  densities  are 
located  between  this  band  and  the  lakefront,  with  lower  densities 
in  the  southern  edges  of  the  county. 
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4.  Tri -County  Area:  Medina,  Portage  and  Summit  (bounties 

Tri-County  planning  objectives  must  be  somewliat  ambivalent, 
with  concern  for  the  maintenance  and  stregthening  of  existing  urban 
centers  and  recognition  that  higher  rates  of  growth  must  be  anti- 
cipated in  new  centers  in  Medina  and  Portage  Counties.  The  assump- 
tion of  a continuing  growth  pattern  is  tempered  by  recent  population 
studies  indicating  a rate  considerably  decreased  from  previous 
estimates.  Nevertheless,  their  publishca  policies  reflect  an  anti- 
cipated high  rate  of  growth. 

a . Residential 

(1)  Accelerate  housing  construction,  including  moderate 
and  low  income,  public  housing. 

(2)  Promote  new  ideas  in  housing  and  site  design,  including 
planned  unit  development,  cluster  subdivisions,  and 
multiple  dwelling  innovations;  promote  smaller  lot 
sizes  for  savings  in  cost  of  utilities. 

(3)  Assure  full  access  to  utilities,  services,  and  employ- 
ment centers,  and  prevent  noncompatible  uses. 

(41  Prevent  construction  in  areas  lacking  services  and 
facilities,  or  in  areas  of  poor  soil  conditions, 
flood  plains. 

(5)  Accelerate  slum  clearance  and  use  mechanisms  to 
promote  maintenance  and  prevent  blight. 

b.  Business  and  Industry 

(1)  Promote  the  expansion  of  existing  industries  and  the 

attraction  of  new  industry  by  a variety  of  governmental 
actions. 
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research  parks--by  zoning,  outright  purchase,  and 
protection  from  competition  and  encroachment. 

(3)  Provide  industrial  areas  with  all  essential  facilities, 
parking,  loading,  landscaping. 

(4)  Promote  commercial  development  of  an  integrated  and 
compact  nature,  related  to  market  areas  and  appro- 
priately spaced. 

(5)  Ensure  use  of  older  commercial  areas  through  redevel- 
opment and  transportation  accessibility. 

c . Open  Space 

(1)  Use  a variety  of  zoning  and  subdivision  regulations 
to  preserve  usable  open  space  and  recreation  lands. 

f2 ) Public  fiscal  policy,  and  where  necessary,  public 

acquisition  should  be  used  to  encourage  owners  of  open 
land  to  maintain  the  natural  character. 

(3)  Outdoor  recreation  plans  to  be  included  as  part  of 
landscape  plans,  assignment  of  priority  for  development. 

(4)  Develop  a program  of  public  education  for  appreciation 
of  the  value  of  open  space  and  recreation. 

d . Sewer  and  Water 

(1 ) Provide  for  planning  and  development  of  water  resources 
on  a watershed  basis,  supported  by  watershed  districts 
and  regional  water  authorities. 

(2)  Protect  water  storage  sites;  promote  the  development 
of  agricultural,  conservation,  and  recreational  uses 
upstream,  and  urban  development  downstream;  restrict 
land  use  in  flood  plain  areas. 




(3)  I’rovivlc  central  water  sujiiily  systems  to  all  urban  and 
suburban  land  ileveloi)ment ; prevent  tlic  overuse  of  j^round 
water  sujiply. 

(4)  Promote  water  reuse  and  tiie  idea  of  diversion  of  Lake 
brie  water  to  tlie  Cuyahor,a. 

(5)  Provide  sanitary  sewer  systems  to  all  urban  and  suburban 
development ; provitle  sewer  systems  by  drainage  basins 
ratiier  tiian  municipal  boundary. 

(G)  encourage  regional  sewer  districts  and  eventual  unifi- 
cation of  water  and  sewer  management,  including  storm 
water . 

(7)  Industrial  plants  with  significant  pollution  problems 
slioulJ  j)rovide  on-site  pretreatment. 

d.  SUMMARY  A.\l)  RbLATIONSHIP  TO  liVALUATIOL' 

Prom  this  overall  review  of  regional  olijectives  a subset  can 
be  derived  that  will  be  most  directly  impacted  u])on  by  wastewater 
management  systems.  Ml  suc’.i  planning  within  t!ie  region  must  take 
these  objectives  into  account.  In  order  of  priority  tlie  olijectives 
arc : 

(1)  Tiic  alleviation  of  sewer  and  water  planning  problems 

tiirougiiout  tiie  region.  TIic  ramifications  of  this  include 
tlie  tiiirtecn  objectives  listed  above  under  "Water"  as  a 
"Natural  Resource"  and  the  water  specific  objectives 
provided  for  each  of  the  subregional  areas. 

/ (2)  Tlie  satisfaction  of  tiie  growing  recreation  needs  of  tlic 

me  L ropol  i t an  areas.  Tliis  includes  recognition  of  inade- 
(luate  recreational  land  development  and,  ideally,  pro- 
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vision  for  outdoor  recreation  as  part  of  any  large 


scale  wastewater  manai'.ement . This  would  help  to  meet 
tiie  demand  for  easily  accessible  sites  to  satisfy  the 
outdoor  recreational  needs  of  the  regional  population. 

(3)  The  elimination  of  present  patterns  of  unplanned,  | 

scattered  residential  development,  lacking  community 

identity  and  adequate  services.  With  this  goes  the 

conservation  and  protection  of  valuable  natural  features  ; 

of  tlie  land  and  the  coordination  of  wastewater  management 

lilanning  witii  open  space  planning.  T.his  also  includes 

the  preservation  of  scenic,  liistoric,  and  relative 

wilderness  areas  adjacent  to  rivers  and  lakes. 

(4)  Tiie  acliievement  of  tlie  best  possible  relationship  to 
regionally  available  resources  sucli  as  minerals,  water, 

soil  deposits,  ecologically  protected  land,  and  rcclama-  " 

tion  sites. 

' 

evaluation  procedures  are  intimately  related  to  goals  and 
objectives.  A true  measure,  by  which  courses  of  action  sliould  be 
evaluated,  is  tne  degree  to  which  they  acliievc  goals.  Inadequacies 
in  evaluation  will  constrain  effective  planning.  By  tlie  same 
token,  an  overriding  limitation  on  effective  planning  for  water 
resources  generally  has  been  the  lack  of  definition  of  clear  social  , 
economic,  and  environmental  goals. 

The  cxtcndcil  recital  of  tlic  planning  objectives  of  the  region 
indicates  tliat  tills  limitation  lias  only  partially  been  overcome. 

The  olijectivcs  cited  relate  to  the  major  problems  of  uncoordinated 
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growth,  the  decline  of  the  cities,  and  the  increasing  concentration 
and  congestion  that  places  a growing  stress  on  our  inventory  of 
natural  resources.  I’he  direct  relationship  of  these  objectives 
to  the  problem  of  wastewater  management  is  somewhat  obscure.  With 
certain  exceptions,  the  objectives  are  imprecise  and  non-specific. 

There  are  reasons  for  this  situation.  Planners  generally  have 
a responsibility  for  leadership  in  the  definition  of  goals  that  re- 
late to  the  needs  and  aspirations  of  the  people  affected.  However, 
goals  that  are  established  prior  to  a knowledge  of  the  consequences 
of  their  attainment,  can  realistically  only  be  general  guidelines. 
Though  initially,  goals  and  objectives  must  be  hypothesized,  they 
should  be  finalized  only  when  costs  and  benefits  and  consequences 
are  fully  understood. 

Equally  constraining  to  specificity  is  the  lack  of  an  effect- 
ive governmental  vehicle  for  marshalling  the  wliole  spectrum  of  pub- 
lic planning  for  achieving  goals.  Tor  instance,  the  development  of 
river  basin  and  urban  planning  have  followed  separate  patlis.  Tech- 
niques, criteria  and  clientele  have  evolved  differentially,  and  a 
successful  integration  between  urban  needs  and  river  basin  planning 
remains  a major  problem.  There  is  a larger  context  of  problems  that 
includes  urban  concentration,  social  and  economic  maladjustment,  and 
environmental  degradation,  within  wliicli  the  place  of  water  resources 
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V.  REGIONAL  CHARACTERISTICS 


A.  INTRODUCTION 
1 . Historical  Development 

The  Three  Rivers  Watershed  District  is  characterized  by  a 
T-shaped  pattern  of  urbanization  with  the  cross  arm  of  the  T 
extending  along  the  Lake  Erie  shore  and  the  trunk  corresponding 
with  the  Cleveland-Akron  axis.  The  District  is  dominated  by  the 
Cleveland  and  Akron  metropolitan  areas  and  is  highly  urbanized, 
industrialized  and  developed.  It  has  all  of  the  problems  of  such 
areas.  A schematic  relationship  of  Cleveland  and  Akron  to  water 
resources  is  shown  in  Figure  1. 

The  historical  evolution  of  Cleveland  and  Akron  as  major  urban 
centers  was  influenced  by  a score  of  factors.  Water  supply  and 
water  transportation  were  the  most  important  considerations  in  the 
original  site  selections,  with  the  subsequent  Canal  Era  (1825-1845) 
spurring  the  growth  of  the  settlements  as  trade  and  manufacturing 
centers . 

Water  transportation  played  a very  important  role  in  the  growth 
of  the  area.  The  settlement  of  Cleveland  began  with  the  landing  of 
a surveying  party  for  the  Connecticut  Land  Company  at  the  mouth  of 
the  Cuyahoga  River  on  July  22,  1796.  The  opening  of  the  Erie  Canal 
in  1825  connected  Cleveland  nd  all  the  Lake  towns  with  the  State 
of  New  York.  Two  years  later  Cleveland  and  Akron  were  linked  with 
the  interior  of  the  State  of  Ohio  as  a result  of  the  completion  of 
the  Ohio  Canal  between  the  Ohio  River  and  the  village  of  Cleveland. 

In  the  second  half  of  the  nineteenth  century,  Cleveland,  being 
a water  transportation  center,  also  became  an  important  center  of  the 
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Figure  1.  Schematic  map  of  the  Cleveland  metropolitan  area 
and  its  water  resources > 


1.  Lake  Erie 

2.  The  Port  of  Cleveland,  the  major  interface  between  the 
economic  community  of  Cleveland  and  its  major  water 
resource 

3.  The  lower  Cuyahoga  River,  the  major  industrial  water- 
related  sector 

4.  The  Cleveland  urban  core 

5.  The  City  of  Cleveland 

6.  The  Cleveland  metropolitan  area,  major  suburbs 

7.  The  Akron  metropolitan  area,  the  major  upstream  develop- 
ment of  the  Cuyahoga  River  watershed 

8.  The  rural -suburban  area  outside  the  region's  two  major 
metropolitan  centers 

9.  The  inland  waterways  and  valleys.  Rocky  River,  Cuyahoga 
River,  Chagrin  River 

10.  The  metropolitan  park  system,  major  valley  land  user, 
known  as  the  "Emerald  Necklace." 

From:  Whitman,  Davis  and  Goldstone,  "Measuring  Impacts  of  Urban 
Water  Development,"  Water  Resources  Bulletin,  Vol,  7:  4 
August  1971, 
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Industrial  Revolution.  The  iron  ore  of  the  Marquette  range  in  upper 
Michigan  and  the  coal  of  eastern  Ohio  were  brought  to  the  city  for 
smelting.  The  demands  of  the  Civil  War  accelerated  the  development 
of  the  iron  and  steel  industry.  By  1910,  according  to  the  Census 
of  Manufacturing,  Cleveland  had  become  the  sixth  industrial  center 
in  the  United  States.  At  the  same  time  Cleveland  was  also  the  fifth 
most  populous  center  in  the  entire  nation. 

Clev'eland  emerged  as  a major  railroad  transportation  center  in 
the  1850's.  Ihe  confluence  of  Pennsylvania  coal  and  Lake  Superior 
iron  ores  produced  an  industrial  city  during  the  second  half  of  the 
19th  century.  i'hc  period  since  1910  has  been  characterized  by  the 
rising  importance  of  the  suburbs  in  Cuyahoga  County,  with  the  sub- 
sequent outward  shift  of  retail  as  well  as  wholesale  trade.  The 
increasing  mobility  of  people,  aided  by  the  automobile,  accelerated 
the  outward  movement  of  families  with  higher  incomes.  The  advent 
of  the  trucking  industry  and  the  developemnt  of  industrial  parks 
made  it  possible  for  several  industries  to  move  out  of  the  city  to 
where  bettor  land  conditions  existed.  The  concurrent  decline  in 
residential  population,  total  income,  retail,  wholesale  and  indus- 
trial activity  is  resulting  in  a lower  tax  base  for  the  City  of 
Cleveland.  At  the  same  time  there  is  an  increasing  demand  for 
municipal  services,  much  of  which  is  generated  by  changing  popu- 
lation characteristics. 

Akron's  continuation  of  growth,  after  the  Canal  Lra , was  ensured 
by  good  railroad  connections,  but  it  was  the  relocation  of  Goodrich's 
rubber  factory  from  the  east  to  Akron  which  started  a new  era  for 
the  city.  With  the  coming  of  the  automobile  era,  the  rubber  in- 
dustry grew  rapidly.  Akron  became  essentially  a one-industry  town. 


with  its  population  more  than  doubling  in  the  decade  of  1910-1920. 

Since  World  War  II,  the  rubber  industry  has  been  building  many 
of  its  new  plants  in  other  locations  in  the  nation.  At  the  same 
time,  low  cost  land  and  the  desire  to  escape  from  the  central  city 
have  created  a demand  for  residential  development.  Commercial  uses 
have  been  moving  outward  in  response  to  residential  movement,  and 
this  coupled  with  the  job  erosion  and  the  cyclical  nature  of  the 
rubber  industry  have  formed  a considerable  part  of  the  Akron  urban 
plight. 

2 . Physiography 

The  Three  Rivers  Watershed  comprises  three  river  systems: 
the  Rocky,  the  Cuyahoga  and  the  Chagrin.  The  rivers  flow  generally 
northward  into  Lake  Erie  from  the  divide  between  the  St.  Lawrence 
and  the  Mississippi  River  drainage.  The  rivers  drop  in  elevation 
from  1250-1300  feet  in  the  headwaters,  to  the  Lake  Erie  elevation 
of  572  feet.  The  study  area  extends  from  Eastlake  (on  Lake  Erie) 
southeast  to  Chardon,  southward  to  Ravenna  and  Hartville,  northwest 
to  Akron,  then  westward  to  Medina  and  north  to  Bay  Village  and  Lake 
Erie,  the  total  drainage  area  is  1507  square  miles. 

A relatively  distinct  escarpment  divides  the  basin  between  the 
upland  plateau  and  the  lake  plain.  Areas  of  the  lacustrine  plain 
which  border  the  lake  are  quite  narrow  and  in  many  places  absent 
where  wave  action  or  littoral  current  have  created  steep  bluffs  in 
the  lakeshore.  In  the  plain,  the  main  streams  are  deeply  entrenched 
and  the  valley  floors  often  narrow  as  are  the  Rocky  and  Chagrin  Rivers. 
The  lower  course  of  the  Cuyahoga  is  flat  floored  and  wider. 

Pleistocene  lakes  once  occupied  these  lower  areas,  and  the  silt 
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laid  down  is  exposed  at  many  places  along  the  valley  walls.  hrosion 
of  tliese  deposits  contributes  to  the  sediment  load  of  the  jivers. 

Ihe  topography  of  the  upland  area  is  glacial  in  origin  and 
generally  consists  of  rolling  hills  heavily  dissected  witli  steep 
stream  and  river  valleys.  The  terrain  is  variable;  at  some  locations 
streams  are  of  moderate  slope  and  meander  through  wider  valleys 
while  in  other  areas  channel  gradients  are  steep  with  flow  through 
deep  \allo)'S.  The  upper  z-eaches  of  the  rivers  are  largely  wooded 
and  the  area  lias  many  small  lakes  and  ponds  and  swampy  az'ea^.  Ihe 
upland  area  was  developed  as  a result  of  I’leistocene  glaciation  and 
the  'uilicial  mateiial  is  unconsolidated  and  highly  variable.  !or 
t!ie  most  part,  soils  foriiied  on  this  glacial  material  have  silt  and 
clay  loam  textures  with  slow  internal  drainage.  The  coarser  sand 
.ind  gravels  of  flood  plains  ani!  glacial  outwash  do  occur  locaij.)' 

Ihe  Rocky  River  Basin  is  the  westerly  of  the  three  rivers  and 
drains  an  area  of  294  square  miles  in  Medina,  Summit,  Lorain,  and 
Cuyahoga  Counties.  I'hc  river  has  two  main  courses.  The  West  Branch 
and  its  major  tributary,  the  North  Branch,  drain  the  north  central 
section  of  Medina  and  portions  of  Lorain  County.  The  Last  Branch 
drains  the  north-east  section  of  Medina  and  portions  of  Cuyahoga 
County.  Ihc  two  branches  join  at  North  Olmsted,  flowing  nortli 
to  Lake  Trio  in  a single,  narrow,  steep-walled  valley.  Most  of  tiie 
Last  Brandi  and  tiie  main  stem  flows  througii  the  Rocky  River  Reser- 
vation of  Cleveland  Metropolitan  Park  System.  Many  small  stream-- 
are  tributary  to  tliose  main  branches,  including  Mallet  and  I'lum 
Creeks  to  tlie  West  Brandi  and  Baldwin  and  Abrams  Creek  to  tlie  Last 
Brandi . 
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The  Chagrin  River  Basin,  located  in  the  northeast  of  the  larger 
basin  area,  drains  an  area  of  267  square  miles  in  Cuyahoga,  Geauga, 
Lake  and  Portage  Counties.  The  main  river  rises  south  of  the  Village 
of  Chardon  and  flows  southwesterly  to  Chagrin  Falls  where  it  joins 
the  Aurora  Branch  coming  from  the  south.  From  here,  the  river  flows 
north  through  the  easterly  suburbs  of  Cleveland,  joining  the  East 
Branch  at  Willoughby  and  then 'discharging  to  Lake  Erie  at  Eastlake. 
Much  of  the  upland  watershed  is  generally  rolling,  wooded  land.  The 
lower  twenty-five  miles  of  the  channel  is  deeply  entrenched  on  bed 
rock  until  it  emerges  on  the  flood  plain  below  Willoughby. 

The  Cuyahoga  River  Basin  drains  an  area  of  813  square  miles. 
Beginning  east  of  Chardon,  only  16  miles  from  Lake  Erie,  the  river 
flows  in  a southerly  direction  to  Lake  Rockwell,  northwest  of 
Ravenna.  This  impoundment,  used  for  Akron  water  supply,  severly 
limits  the  flow  of  the  river  and  in  extremely  dry  weather  permits 
no  flow  except  for  the  washwater  from  the  Akron  filters.  The  river 
at  that  time  may  consist  only  of  leakages  and  the  drainage  from 
small  tributaries.  Below  Lake  Rockwell,  the  river  flows  south- 
westerly through  Kent  to  Akron  where  it  begins  a northerly  course 
through  the  greater  Cleveland  area  to  Lake  Erie.  Principal  tribu- 
taries and  the  area  they  drain  include  the  Little  Cuyahoga  River 
(68.9  sq.  mi.),  Breakneck  Creek  (79.0  sq.  mi.),  Tinkers  Creek 
(96.4  sq.  mi.),  and  Big  Creek  (38.6  sq.  mil).  The  last  six  miles 
of  the  Cuyahoga  constitute  a navigation  channel  with  special  problems 
that  are  inherent  in  its  use  and  maintenance. 

In  addition  to  the  major  rivers,  there  are  several  smaller 
stream  basins  directly  tributary  to  Lake  Erie.  In  order  of  their 
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occurence  from  east  to  west,  they  include  Euclid,  Green  and  Nine 
Mile  Creeks,  Shaw  Brook,  Dugway  Creek  and  Doan  Brook.  West  of  the 
Rockv  River  are  Sperry,  Cahoon  and  Porter  Creeks.  The  combined 

i 

drainage  area  of  these  minor  creeks  flowing  directly  to  Lake  Erie  i 

is  approximately  133  square  miles. 


3 . Cl imate 

The  general  climate  of  the  Three  Rivers  area  is  moderate.  The 
average  annual  precipitation  is  about  37  inches,  fairly  evenly 
distributed  throughout  the  year,  but  somewhat  heavier  in  summer  than 
in  winter.  About  one-third  of  the  precipitation  appear  as  run-off 
in  the  livers,  the  rest  being  absorbed  in  the  soil,  in  other  surface 
waters,  in  vegetation  or  lost  tlirougli  evaporation.  January  through 
April  are  months  of  typically  heavy  run-off  while  summer  and  early 
fall  are  periods  of  low  run-off.  The  variation  is  significant 
in  the  consideration  of  w^ater  management  practices  in  the  area. 

Close  proximity  to  Lake  Erie  tends  to  moderate  extremes  in  temper- 
ature. .Monthly  mean  temperatures  range  from  18  degrees  to  71 
degrees  Eahrenheit  with  an  average  of  47  degrees  E . Mean  temperatures 
above  freezing  occur  during  the  period  from  March  through  November 
and  the  growing  season  averages  182  days.  Monthly  climatic  data 
from  the  Cleveland  Weather  Bureau  are  presented  in  Table  3,  Average 
temperatures  and  picc  i pit.it  ion  for  all  counties  arc  presented  in 
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ilissected  plateau  with  deeply  incised  river  valleys.  Much  of  ihe 
length  of  the  valleys  of  the  Three  Rivers  and  their  tributaries 
are  in  a youthful  stage  of  development  being  narrow  and  steep  sided. 
I'he  upland  area  varies  from  level  to  rolling  terrain,  with  consider 
able  natural  vegetation.  Soil  types  in  general  are  moderately 
favorable  for  agiiiulture,  though  there  are  extensive  areas  not 
available  because  of  poor  drainage  or  steep  slopes. 

The  lower  courses  of  the  Rocky  and  Chagrin  Rivers  are  in  narrow 
and  precipitous  valleys,  but  the  lower  course  of  the  Cuyahoga  is 
flat  floored  and  wider  and  constitutes  an  area  known  as  the  flats. 
The  principal  heavy  industrial  concentration  of  the  region  has 
developed  in  this  area.  The  industries  in  this  area  have  physical 
plants  which  are  older  than  new  single-floor  structures  which  are 
being  constructed  in  outlying  suburban  areas.  The  lower  six  miles 
of  the  Cuyahoga  River  are  served  by  a federal  navigation  project 
used  by  medium  sized  lake  vessels.  For  a number  of  miles  the 
Cuyahoga  is  in  a mature  valley  spanned  by  several  high-level  high- 
way bridges  . 

In  general,  land  uses  in  the  region  vary  from  completly  urban 
to  completely  rural,  but  inter-urban  coalescence  is  proceeding 
rapidly.  The  rate  of  absorption  of  land  by  urban  uses  substantially 
exceeds  the  rate  of  population  growth.  The  result  is  a generally 
lowering  of  population  density  in  the  inner  cities.  At  the  same 
time  suburban  and  ex-urban  development  is  occuring  at  substantially 
lower  densities  than  those  of  earlier  suburban  developments.  For 
example,  between  1960  and  1970  the  population  of  the  central  city 
of  Cleveland  declined  from  876,000  to  750,000  while  the  population 
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of  the  larger  Standard  Metropolitan  Statistical  Area  (SMSA)  increased 
from  1.0  million  to  1.3  million.  Between  i960  and  1970  the  popu- 
lation of  Akron's  central  city  declined  from  290,000  to  275,000 
while  the  population  of  the  Akron  SMSA  increased  from  315,000  to 
403,800 . 

The  area's  urbanization  takes  the  form  of  a multi -nucl eated 
conurbation.  The  principal  nuclei  are  downtown  Cleveland,  located 
on  the  shores  of  Lake  Erie,  and  Akron  located  on  the  divide  at  the 
southern  edge  of  the  Cuyahoga  basin.  Both  of  the  central  nuclei 
have  been  declining  in  relative  and  in  absolute  importance  in  recent 
decades.  Yet,  they  still  constitute  the  principal  nodes  within  the 
region.  Extensive  highway  and  railroad  networks  facilitate  the 
movement  of  people  and  goods  throughout  the  larger  region  and  unify 
the  economic  base  of  the  area.  External  connections  by  railroad 
and  by  highway  are  reinforced  by  major  port  and  airport  facilities. 

A principal  port  facility  is  located  on  the  shore  of  Lake  Erie, 
adjacent  to  downtown  Cleveland.  Here  ocean-going  ships  are  handled. 
Port  facilities  are  also  located  on  the  Lake  Shore  west  of  the  Cuya- 
hoga River  mouth  as  well  as  in  the  lower  six  miles  of  the  River 
where  inter-lake  and  intra-lake  bulk  cargoes  are  handled.  The 
principal  airport  connections  are  through  Cleveland-Hopkins  Airport 
which  is  Icoated  on  the  upland  adjacent  to  the  Rocky  River  valley. 
This  airport  is  classified  as  a "large  hub"  and  ranks  16th  in  the 
United  States  in  volume  of  air  passenger  traffic.  It  is  also  pro- 
vided with  extensive  air  cargo  facilities.  In  addition,  the  region 
has  a substantial  number  of  general  aviation  airports. 

Rural  land-uses  consist  principally  of  general  farming  and 
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dairying.  In  places  these  activities  are  supplemented  by  specialized 
production  which  includes  fruit  and  vegetables.  The  extent  of 
agricultural  use  has  been  declining  with  rapid  urbanization  of 
countrys i de . 

a.  Agricultural  Characteristics 

Rural  land  use  in  the  Three  Rivers  Basin  consists  principally 
of  general  dairving  and  farming.  In  some  places  this  activity  is 
supplemented  bv  -pecialized  production  which  includes  fruits  and 
vegetables.  Upland  soil  types  in  general  arc  moderately  favorable 
for  agriculture,  though  there  are  extensive  areas  that  are  unavail 
able  because  of  poor  drainage  or  steep  slopes.  I'he  climatic 
conditions  relating  to  agricultural  land  use  are  given  in  Table  5, 
while  Table  6 provides  selected  agricultural  characteristics  for 
the  Basin  counties. 

The  extent  of  agricultural  land  use  has  been  declining  with 
the  rapid  urbanization  of  the  countryside,  and  a general  trend  is 
indicated  toward  a smaller  number  of  farms  with  larger  land  holdings 
The  data  on  land  in  farms  of  the  Northeast  Ohio  counties  within  the 
Three  Rivers  Basin  indicating  changes  during  the  period  1954  through 
1969  substantiates  this  trend.  (Table  6 ).  The  proportion  of 
county  area  in  rural  use  during  the  period  1954-1969  has  dropped 
from  35%  to  11%  in  Summit  County,  12%  to  4%  in  Cuyahoga  County, 

6 3%  to  39%  in  Portage  County  and  60%  to  28%  in  C.cauga  County  Th  i 
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rM’i.i;  s 


I'r'H'  i ;i  i ion 


M'>1  (o'O'.vin!;  Sons  on  hy 


Ooiinty  ind  Stn.rion 

Inches/Aimual 
Preo ip i ta t ion 

Ashtabula,  Ashtabula 

35.57 

Cuyahoga,  Cleveland 

33.66 

Geauga,  Cl)ardon 

40.49 

Lake,  Paincsville 

32.82 

Medina,  Chippewa  Lake 

35.53 

Portage,  Hiram 

43.56 

Summit,  Akron-Canton  W.S. 

38.23 

Lorain,  Elyria 

33.78 

*1969  figures 


Growing  Season 
iii  Days 

193 

185 

185 

193 

163 

180* 

185 

185 


Source:  Ohio  Almanac,  5th  Edition,  1972. 


TABLE  6 Selected  Agricultural  Characteristics;  Counties  in  3-River  Watershed  Area 


pattern  of  decreasing  rural  land  surrounding  the  Akron-Cleveland 
metropolitan  complex  reveals  the  current  as  well  as  the  future 
potential  growth  Large  areas  of  farmland  are  presently  being 
developed  for  urban  - suburban  demands  or  retained  in  a non-productive 
holding  by  speculators  anticipating  future  urban  needs.  It  may 
be  noted  that  Ashtabula  County,  immediately  adjacent  to  the  basin 
area,  remains  relatively  rural  with  43%  of  its  land  in  farm  use 
Inclusion  of  Ashtabula  with  the  agricultural  data  presented  for 
the  basin  counties  provides  an  indication  of  the  extreme  rural 
contrast  to  the  basin's  urbanized  character. 

Although  the  total  acreage  and  number  of  farms  in  the  basin 
declined  since  the  I950's,  the  average  acreage  per  farm  has  increased, 
thus  indicating  a maintenance  of  local  productive  capacity  for  the 
regional  market  Among  the  major  agricultural  commodities  of  the 
basin  counties  relative  to  cash  receipts  rankings  are  dairy  products, 
vegetables,  poultry  and  some  fruits  (Table  8).  Also,  greenhouse 
and  nursery  cultivation  comprise  a relatively  substantial  portion 
of  total  farm  marketings  in  Cuyahoga,  Lake  and  Summit  Counties- - 
these  counties  were  among  the  state's  leading  producers.  Another 
major  contribution  to  the  state  total  is  found  in  Portage  County's 
potato  production. 

Although  a rather  drastic  decline  of  land  in  farms  has 

t i 

occured  through  the  past  decades,  the  current  status  of  farming 
activities  can  be  expected  to  remain  relatively  stable.  However, 
the  future  of  agricultural  land  use  is  in  large  part  dependent  on 
regional  demands  relative  to  external  market  access  as  well  as  the 
protection  of  farm  acreage  from  encroachment  urban  development 
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B.  CHARACTERISTICS  BY  CATEGORY 
1 . Ecology  Baseline  Conditions 

A iiunimary  of  baseline  conditions  for  aquatic  ecosystems  with- 
in the  Ihree  Rivers  Watershed  is  shown  in  Tables  9,10,  and  11. 

These  evaluations  are  based  on  the  State  of  Ohio  Stream  Water 
Quality  criteria.  Chemical  and  physical  water  analyses  have  been 
emphasized  because  of  the  emphasis  placed  on  these  parameters  in 
the  water  quality  criteria  Most  water  quality  surveys  within  the 
watershed  have  dealt  exclusively  with  chemical  and  physical  analyses. 
Data  for  the  evaluation  shown  in  Tables  9 ,10,  and H were  obtained 
from  the  most  recent  studies  available.  These  include  water  quality 
studies  by  Havens  and  Emerson,  Ltd.,  (1970a  and  1970b),  U.S 
Geological  Survey  (1971),  University  of  Akron  (1972),  Long  (1972), 
Center  for  Urban  Regionalism  (1972),  Cooke  (1968),  and  Page  (1966). 

A summary  of  baseline  conditions  for  the  Three  Rivers  Watershed 
in  relation  to  benthic  invertebrate  water  quality  parameters  is 
shown  in  Tables  12,  13,  and  14.  Benthic  invertebrate  surveys  within 
the  Three  Rivers  Watershed  have  been  performed  by  Havens  and 
Emerson,  Ltd.,  (1970a,  1970b),  University  of  Akron  (1972),  Long 
(1972),  Page  (1966),  and  the  Center  for  Urban  Regionalism  (1972). 

A list  of  fish  now  existing  or  known  to  have  existed  in  the 
Three  Rivers  Watershed  is  shown  in  Table  15.  Fish  have  been 
surveyed  most  extensively  by  the  Ohio  Division  of  Wildlife. 

Additional  surveys  of  fish  in  the  Three  Rivers  Watershed  include 
those  of  Orr  (1968),  Havens  and  Emerson,  Ltd.,  (1970a,  1970b), 

Center  for  Urban  Regionalism  (1972),  and  Page  (1966). 


-121- 


Table9'.  Baseline  conditions  in  the  Cuyahoga  River  Basin  in  relation 
to  the  State  of  Ohio  Water  Quality  Standards.  Code:  (-) 

unacceptable,  (+)  acceptable,  (o)  data  not  available. 


Waterway  or  section 
the  reof 


1.  Cuyahoga  upstream  of  Lake 
Rockwell  and  tributaries  thereto 

2.  Lake  Rockwell  to  State  Route  17* 

3.  State  Route  17  to  Coast  Guard 
Station 

4.  Little  Cuyahoga  River  upstream 
of  State  Route  91  and  downstream 
of  Hazel  Street 

5.  Little  Cuyahoga  River  between 
Route  91  and  Hazel  Street, 

Summit  Lake  and  Ohio  Canal 

6.  All  other  tributaries  between 
Lake  Rockwell  and  Harvard 
Aven  ue 

7.  For  the  following  lakes,  ponds, 

or  reservoirs:  Aquilla,  Brady, 

Congress,  Geauga,  Hudson,  Springs, 
Mogadore,  Muddy,  Muzzy,  Punderson, 
Sandy,  Snow,  Springfield,  Silver, 
Wyoga,  Aurora  Pond 

8.  All  other  small  lakes  now  used 
for  swimming  and  water  contact 
sports  . 

•Temperature  satisfactory  except  for  a 


State  of  Ohio  Water  Quality  Standards 


All  water 
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short  distance  below  power  plant. 
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Table  10  Baseline  conditions  in  the  Rocky  River  Basin  in  relation 
to  the  State  of  Ohio  Water  Quality  Standards.  Code:  (-) 
unacceptable,  (+)  acceptable,  (o)  data  not  available. 


Waterway  or  section 
the  reof 


State  of  Ohio  Water  Quality  Standards 

All  water  must 
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Rocky  River  and  all  tributaries 

West  Branch  upstream  of  Route  3 

North  Branch  of  the  West  Branch 
downstream  of  Bagdad  Road 

East  Branch  in  the  vicinity  of 
Baldwin  Lake 

Baldwin  Creek  in  the  vicinity  of 
Coe  Reservoir 

All  lakes  being  used  for  swimming  * 
or  water  contact  sports 


* Some  areas  require  chlorination  to  meet  bacterial  standards. 


+ + 0 i nconcl us i ve 
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Table  ll  Baseline  conditions  in  the  Chagrin  River  Basin  in  relation 
to  the  State  of  Ohio  Water  Quality  Standards  Code:  (-) 

uacceptable,  (+)  acceptable,  (o)  data  not  available. 


Waterway  or 
section  thereof 


State  of  Ohio  Water  Quality  Standards 

A1 1 

water  must 
be  free  from 


1.  Chagrin  River  and  all  tributaries 

2.  East  Brahch  at  its  mouth 

3.  Main  stem  in  the  vicinity  of  Daniels 
Park 

4.  Main  stem  upstream  from  Chagrin  Falls 

5.  Aurora  Branch 

6.  East  Branch 

7.  All  lakes  being  used  for  swimming 
or  water  contact  sports 
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Table  12  Summary  of  benthic  invertebrate  commun i ty-s t ructure  parameters 
for  the  Cuyahoga  River.* 


0» 


Km.  from 
1 Erie 

Stati on 

Nearest  Road 

4-0) 

o«- 

o 

•OI 

oo. 

Shannon 
Di versi ty 
Index** 

Beck  Biotic 
Index*** 

♦ 

1 * 
C ¥ 
O ¥ 

•r-  <U 
¥>  > 
3 *r- 
»—  4-» 
f—  ‘r— 

O to 
Q.  C 
0> 

^ </7 

% Intermediat 

% Pollution- 
Tolerant 

43 

Boston  Mills  Road 

11 

1.07 

11 

2.9 

8.8 

88.2 

60 

Bath  Road 

3 

0.78 

1 

0.0 

7.7 

92.3 

65 

Ak ron-Penni nsul a Road 

11 

1.78 

8 

0.6 

75.7 

24.7 

68 

Gorge  Metropolitan  Park 

14 

1 .83 

12 

0.7 

92.1 

1 .2 

80 

Ohio  Rte.  91 

18 

2.96 

21 

10.8 

86.5 

2.1 

84 

Middlebury  Road 

6 

1 . 73 

5 

9.1 

13.6 

77.3 

85 

Longmere  Drive 

8 

1.84 

5 

0.0 

16.7 

83.3 

89 

Standing  Rock  Cemetery 

16 

3.38 

15 

9.8 

75.6 

14.6 

92 

Ravenna  Road 

7 

1.88 

5 

0.0 

78.8 

21  .2 

104 

Colt  Road 

24 

3.10 

30 

17.5 

77.8 

4.7 

120 

Winchell  Road 

39 

3.80 

49 

24.0 

72.0 

4.0 

127 

U.S.  Route  422 

28 

2.78 

32 

2.3 

86.8 

10.9 

138 

Ohio  Route  87 

18 

3.25 

18 

7.3 

85.4 

7.3 

141 

Burton -Wi ndsor  Road 

10 

3.09 

9 

0.0 

92.1 

7.9 

*Source  of  Data: 

University  of  Akron,  1972.  A biological  evaluation  of  the  Cuyahoga 
River.  Report  prepared  by  Biotest  Laboratory,  Dept,  of  Biology, 
University  of  Akron,  Akron,  Ohio. 

**Wilhm,  J.  L. , and  T.  C.  Dorris,  1968.  Biological  parameters  for 
water  quality  criteria.  Bioscience  18:477*481. 

***Beck,  W.  M.  , 1955.  Suggested  method  for  reporting  biotic  data. 
Sewage  and  Ind.  Wastes  27: 1 19'’-!  197. 

****Macken th un  , K.  M.  , 1969.  The  Practice  of  Water  Pollution  Biology. 
Federal  Water  Pollution  Control  Administration  (Environmental 
Protection  Agency),  Washington,  D.C. 
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Table  13  Summary  of  benthic  invertebrate  community-structure  parameters 
for  the  Rocky  River.*  


o 

4-> 

O * 


Stati on 

(A 

41 
O •#- 

f-  ♦ 

CO 

X 

No.  Km. 
from  mouth 

Nearest  Road 

O 
• 4) 

o o. 

Z 00 

.X  41 

u *o 

4J  C 
CO  ^ 

Main  Stem 

1.0 

Detroit  Road 

5 

3 

1 5 . /b 

Crayton  Road  (Abrams  Cr.) 

6 

3 

17.5 

Park  Road 

10 

6 

East  Branch 

0.3 

Park  Road  Ford,  Cedar 
Point 

8 

6 

4.8 

Park  Road 

4 

3 

8.5 

Berea  Water  Intake 

8 

5 

10.0 

Bridge  Street 

5 

3 

13.0 

Albion  Park 

5 

5 

31 .8 

Rte.  303 

26 

37 

42.0 

Rte.  303 

16 

20 

West  Branch 

"9.0 

Lewis  Road 

9 

6 

38.2 

Rte.  82 

15 

14 

55.0 

Marks  Road 

7 

7 

64.0 

U.S.  Rte.  42 

21 

21 

72.5 

U.S.  Rte.  18 

14 

13 

75.0 

Smith  Road 

15 

13 

North  Branch  (Km.  from 
mouth ) 

' 

0.8 

Granger  Road  below  Medina 
Water  Plant 

4 

3 

0.9 

Granger  Road  above  Medina 
Wate>^  Plant 

13 

16 
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Table  13  (Cent . ) 


^Sources  of  Data: 

Havens  and  Emerson,  LTD,  1970.  Water  Quality  of  the  Rocky 
and  Chagrin  Rivers.  Report  prepared  for  the  Three  Rivers 
Watershed  District,  Cleveland,  Ohio. 

Long,  David  C.,  1972,  A water  quality  survey  of  the  Rocky 
River.  Report  prepared  for  Biotest  Laboratory,  University 
of  Akron,  Department  of  Biology. 

**  Beck,  W.  M.  , 1955.  Suggested  method  for  reporting  biotic 
data.  Sewage  and  Ind.  Wastes  27:1193-1197. 
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Table  14  Summary  of  benthic  invertebrate  commun i ty -s tructure  parameters 
for  the  Chagri  n Rive r . ^ 


Station 

No.  Km. 
from  Mouth 

Nearest  Road 

No . of 
Species 

Shannon 

Diversity  Index** 

Beck  Biotic 
Index*** 

% Pollution 
Sens i ti ve**** 

% Intermediate 

C 

o 

3 C 
t — to 
1—  J- 
o <u 

CL  f— 
O 
1— 

Main  Stem 

67.8 

Butternut  Road 

19 

22 

51.0 

Dines  Road 

34 

2.7 

47 

16.6 

25.9 

57.5 

49.0 

U.S.  Rte.  87 

40 

4.1 

53 

15.8 

71  . 1 

13.1 

44.1 

Chagrin  Falls  Library 

25 

3.8 

27 

6.1 

64.9 

28.4 

43.6 

below  falls 

1 1 

2.8 

14 

11.1 

75.3 

13.6 

43.5 

below  sewerline 

15 

2.5 

15 

6.4 

82.4 

11.2 

43.2 

Washington  Street 

12 

1.5 

14 

7.8 

86.3 

5.9 

37.5 

Chagrin  Blvd. 

1 3 

11 

20.5 

Mayfiel<^  Road 

16 

16 

8.5 

Wai te  Hill  Road 

12 

9 

1.5 

Route  283 

11 

5 

East  Branch 

E.B.  13.7 

Kirtland  Road 

13 

20 

E.B.  5.9 

Markell  Road 

16 

22 

Aurora  Branch 

A.B.  11.0 

Route  306 

6 

3 

A.B.  0.5 

Chagrin  River  Road 

18 

22 

McFarland  Creek 

M.C.  .01 

Chagrin  River  Road 

24 

31 
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Tab! e 14  (Cont . ) 
*Sources  of  Data: 


★ ★ 


* ★ ★ 


★ * ★ ★ 


Havens  and  Emerson,  LTD,  1970.  Water  Quality  of  the  Rocky 
and  Chagrin  Rivers.  Report  prepared  for  the  Three  Rivers 
Watershed  District,  Cleveland,  Ohio. 

Biotest  Laboratory,  1972.  Biological  Water  Quality  Survey 
of  the  Upper  Chagrin  River.  Special  Report.  Department  of 
Biology,  University  of  Akron. 

Wilhm,  J.  L.  and  T.  C.  Dorris,  1968.  Biological  para- 
meter for  water  quality  criteria.  Bioscience  18:477-481. 

Beck,  W.  M. , 1955.  Suggested  method  for  reporting  biotic 
data.  Sewage  and  Ind.  Wastes  27:1193-1197. 

K 

Mackenthun,  K.  M.  , 1967.  The  Practice  of  Water  Pollution 
Biology.  Federal  Water  Pollution  Control  Administration 
(Environmental  Protection  Agency),  Washington,  D.  C. 
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Tabieis  Fish  now  existing  or  known  to  have  existed  in  the  Cuyahoga 
River,  Rocky  River,  and  Chagrin  River.* 


Agnatha  - Petromyzont i dae 

Silver  Lamprey  - I chtyomyzon  uni cuspis 

( Hubbs  & T rautman ) 

Cl upei dae 

Eastern  Gizzardshad  - Dorosoma  cepedi anum 

( Le  Sueur) 

Salmoni dae 

Brown  Trout  - Sa 1 mo  trutta  Linnaeus  (introduced) 

Rainbow  Trout  - Sal  mo  qai rden  ri  Richardson 

(Tntroduced) 

Umb  ri dae 

Central  Mudminnow  - Umbra  limi  (Kirtland) 
Esocidae 


Central  Redfin  Pickerel  - Esoc  americanus 


vermi cu 


Suer) 


Catos  tomi dae 


Central  Quillback  Carpsucker  - Carpiodes  cyprinus 

hinei  (Trautman^ 

Common  White  Sucker  - Catos  tomus  comme  rson i 

commersoni  ( Lacepede) 

Golden  Redhorse  - Moxos toma  erythrurm  (Rafinesque) 


Hog  Sucker  - 


i urn  nigricans  ( Le  Sueur) 


Spotted  Sucker  - Mi ny trema  mel 


(Rafinesque) 


Western  Lake  Chubsucker  E r i myzon  s ucet  ta 

Kenne r ]y i { Gi rTr d ) 


Rocky 


Tab  1 e 15  ( con t . ) 


<0 

C7> 

o 

_c 

>v 

3 

O 


Cy  p r i ni d a e 

Bluntnose  Minnow  - Pimephales  nromelas  promelas 

(Rafinesque) 

X 

X 

X 

Carp  - Cyprinus  carpio  Linnaeus 

X 

X 

X 

Central  Bigmouth  Shiner  - Notropis  dorsalis 

dorsalis  (Agassiz) 

X 

Central  Stoneroller  Minnow  - Campostoma  anomalum 

pul  1 urn  (Agassiz) 

X 

X 

Common  Emerald  Shiner  - Notropis  an t he r i n o i de s 

antherinoi des  (Rafinesque) 

X 

X 

Common  Shiner  - Notropis  cornutus  (Mitchill) 

X 

X 

X 

Go! densh ri ner  - Notemiqonus  crysoleucas  (Mitchill) 

X 

X 

X 

Goldfish  - Carassius  auratus  (Linnaeus) 

X 

X 

X 

Hornyhead  Chub  - Hybopsis  biquttata  (Kirtland) 

X 

X 

Longnose  Dace  - Rhiiiichthyes  atratui  us  meleacjri  s 
(Agass i z) 

X 

Northeastern  Sand  Shiner  - Notropis  stramineus 

s trami n eus  ( Cope ) 

X 

X 

X 

Northern  Bigeye  Chub  - Hybopsis  amblops  amblops 

(Rafinesque) 

X 

X 

Northern  Creek  Chub  - Semotilus  atromacul atus 

atromaculatus  (Mitchill) 

X 

X 

X 

Northern  Fathead  Minnow  - Pimephales  promelas 

promelas  (Rafinesque) 

X 

Northern  Mimic  Shiner  - Notropis  volucellus 

vol uce 1 1 us  ( Cope ) 

X 

X 

Northern  Redfin  Shiner  - Notr^opis  umb  ra  ti  1 i s 

cyanocephalus  (Copeland) 

X 

X 

Northern  Striped  Shiner  - Notropis  ch  rys  o ce_ph  =>  l_us 

ch rys oce ph a 1 us  (Rafinesque) 

X 

X 

X 

t. 

cn 

<D 


j 


I 


3 


Rocky 


T ab  1 e 15  ( con t . ) 


Ohio  Spotted  Chub  - Hy bops i s d i s s i m i 1 i s di s s i mi  1 i s 

TKi rtl an d - before  1900) 

Ohio  Stoneroller  Minnow  - Campos ta  anoma 1 urn 

anomalum  (Rafinesque) 

Redside  Dace  - Cl inos  tomus  el ongatus  (Kirtland) 

River  Chub  - Hybopsis  micropogon  (Cope  - prior  to 
t9l7) 

Rosyface  Shiner  - N otropi s rube  1 1 us  (Agassiz) 

Silver  Chub  - Hybopsis  storeriana  (Kirtland) 

Silverjaw  Minnow  - Erycymba  b uccata  (Cope) 

Spotfin  Shiner  - Notropis  spilopterus  (Cope) 

Southern  Redbelly  Dace  - Ch ros omus  e ry th rogas te r 

I Rafi nesqui) 

Western  Blacknose  Dace  - Rhi ni ch thyes  atratul us 

me  1 eagri s (Agassiz) 

1 ctal  uri  dae 

Black  Bullhead  - Ictalurus  melas  (Rafinesque) 

Brown  Bullhead  - Ictalurus  natalis  (Le  Sueur) 
Channel  Catfish  - I ctal urus  punctatus  (Rafinesque) 
Stonecat  Madtom  - Noturus  flavus  (Rafinesque) 
Tadpole  Madtom  - Noturus  gyrinus  (Mitchill) 

Yellow  Bullhead  - I ctal urus  natalis  (Le  Sueur) 
Percopsi dae 

Troutperch  - Pe  rcops i s omi s comay cus  (Walbaum) 
Antherin i dae 

Brook  Silversides  - Labidesthes  sicculus  (Cope) 


Tab  1 e 15  ( con t . ) 


Serrani dae 

White  Bass  - Roccus  chrysops  (Rafinesque) 

Centrarchi dae 

Black  Crappie  - Pomoxi s n i qromacul  atus  (Le  Sueur) 

Green  Sunfish  - Lepomis  cyanellus  (Rafinesque) 

Northern  Bluegill  Sunfish  - Lepomis  macrochirus 

macrochirus  (Rafinesque ) 

Northern  Largemouth  Blackbass  - Micropterus  salmoides 

salmoides  (Lacepede) 

Northern  Rockbass  - Amb 1 opi i tes  rupes  tri s rupes  t ri s 

( Rafinesque) 

Northern  Smallmouth  Blackbass  - Micropterus  dolomieui 

dolomieui  (Lacepede) 

Pumpkinseed  Sunfish  - Lepomis  qibbosus  (Linnaeus) 
Redear  Sunfish  - Le  pomi s mi crol oph  us  (Gunther) 

Warmouth  Sunfish  - Chaenob  ryttus  gul os  us  (Cuvier) 

White  Crappie  - Pomoxis  annularis  (Rafinesque) 

P e r c i d a e 

Barred  Fantail  Darter  - E theos  toma  f 1 abel 1 a re 

f 1 abe 1 1 are  ( Rafinesque) 

Blackside  Darter  - P e r c i n a macul ata  (Girard) 

Blue  Walleye  - Sti zos  tedi on  vi treum  ql aucum  (Hubbs) 

Central  Johnny  Darter  - Etheos  toma  nigrum  n i qrum 

( Rafinesque") 

Channel  Darter  - Pe  rci na  c o p e 1 a n d i (Jordan) 

Eastern  Sand  Darter  - Ammocry pta  pe 1 1 uc i da  (Baird) 
Greenside  Darter  - Etheostoma  b 1 e n n i o i d c’ s (Rafinesque) 
lov/a  Darter  - Etheos  toma  e2<ijf!  (Griard) 


TablelS  (cont) 


Ohio  Logperch  Darter  - Pe rci na  caprodes  caprodes 

{ Rafinesque) 

Rainbow  Darter  - Etheostoma  caeruleum  (Storer) 
Sauger  - Stizostedion  canadense  (Smith) 

Yellow  Perch  - Perea  f 1 aves cens  (Mitchill) 

Yellow  Walleye  - Stizostedion  vi  treutn  vi  treum 


Sciaenidae 

Freshwater  Drum  - Apl odi notus  qrunni ens 

( Rafinesque) 

Cotti dae 

Central  Redfin  Scuplin  - Cottus  b ai rdi  bai rdi 


Gas  teros  tei dae 

Brook  Stickleback  - Cul aea  i nconstans  (Kirtland) 


*Sources 


1.  Havens  and  Emerson,  Ltd,  1970.  Water  Quality  of  the  Rocky  and 
Chagrin  Rivers.  Report  prepared  for  the  Three  Rivers  Watershed 
District,  Cleveland,  Ohio. 

2.  Trautnan,  M.B.  1957.  The  Fishes  of  Ohio.  The  Ohio  State  University 
Press,  Columbus,  Ohio,  683  p. 


Aquatic  vascular  plants  and  phytoplankton  have  not  been 
■'tudioil  o xt  CM'' ! VO  1 >'  witliin  t lie  waterways  of  tlie  Three  Rivers 
Watershed.  Some  of  the  most  recent  studies  include  those  of 


Marshall  (1965),  Rhodes  (1968),  Olive  (1968),  Page  (1971),  and 
Long  (1971).  The  results  of  these  studies  will  not  be  summarized 
here  because  of  difficulties  in  relating  the  results  to  present 
water  quality  standards  and  because  of  the  relatively  small  areas 
covered  by  the  studies. 

Bacterial  surveys  and  chemical 'phys ical  water  quality  analyses 
have  been  conducted  by  Havens  and  Emerson,  Ltd.,  (1970a,  1970b), 

U.S.  Oeological  Survey  (1971),  Center  for  Urban  Regionalism  (1972), 
and  University  of  Akron  (1972  ).  Tables  16  and  17  summarize 
recent  bacterial  analyses  of  the  Chagrin  and  Rocky  Rivers.  Recent 
chemical  and  pliysical  water  quality  analyses  of  the  Cuyahoga, 

Rocky,  and  Chagrin  Rivers  are  summarized  in  Tables  18  , 19,  20, 

h and  21. 

a . Baseline  Conditions  for  the  Cuyahoga  River 

Baseline  conditions  for  the  Cuyahoga  River  are  shown  in  Table 
3.  Water  quality  in  the  Cuyahoga  River  above  Lake  Rockwell  is 
relatively  good.  Except  for  small  areas  of  putrescent  vegetative 
materials  and  excessive  floating  debris,  this  section  of  the  river 
usually  meets  Ohio  Stream  Water  Quality  Standards. 

Between  Lake  Rockwell  and  the  City  of  Akron,  the  river  is 
adversely  affected  by  (1)  withdrawal  of  water  for  the  City  of 
Akron  (2)  limited  waste  leakage  from  the  Akron  Water  Treatment  Plant. 
(3)  small  metal  plating  industries  in  the  City  of  Kent  (4)  effluent 
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Source  of  data:  Biotest  Laboratory,  1972.  A biological  evaluation  of  the  Cuyahoga  River.  Special  Report,  Department 

of  Biology,  University  of  Akron,  Akron,  Ohio. 


Table  19  Water  Quality  Data  of  Rocky  River  1969-70* 
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Table  19  (continued) 
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from  the  Kent  wastewater  plant,  and  (6)  oil,  salts,  soil  sediments 
and  debris  from  poorly  managed  urban  and  industrial  land-altering 
projects.  Within  the  City  of  Akron,  considerable  quantities  of 
toxic  industrial  wastes  enter  the  Cuyahoga  Kiver  via  the  little 
Cuyalioga  River.  Relow  Akron,  wastewater  from  the  Akron  waste- 
water  treatment  facility  combined  with  industrial  wastes  severely 
affects  the  Cuyahoga  River  for  15-20  miles  nearly  to  the  Cit>’  of 
Cleveland.  Within  the  City  of  Cleveland,  domestic  and  industrial 
Wastes  drastically  alter  the  noimal  physical  and  biological 
characteristics  of  the  r i ve i 

Between  Lake  Rockwell  and  the  (atv  of  Cleveland,  nearly  all 
of  the  Ohio  Stream  Watei  Quality  Standards  are  iiolated,  at  least 
periodically  Dissolved  oxygen  levels  remain  relatively  high 
because  toxic  pollutants  inhibit  oxygen  consuming  micro  organisms 

* Community  Lncrgetics  Cros^  production/community  lespi ration 
ratios  probably  approach  one  in  mo--t  sections  of  tlie  Upper  Cuyahoga 
River  above  Lake  Rockwell  River  pl.mt  life  is  abundant  and  only 
moderate  quantities  of  putrescent  organic  materials  occur  in  most 
areas.  Tlie  ratio  of  gross  production  to  biomass  probably  is 
relatively  high.  Aquatic  food  chains  are  somewhat  complex,  weblike 
and  relatively  long. 

Lcosystem  metabolism  in  the  middle  and  lower  reaches  of  the 
Cuyahoga  River  is  altered  drastically  by  industrial  and  domestic 
effluents  and  by  urban  storm  run-off.  The  ratio  of  gross  pro- 
duction to  community  respiration  would  be  difficult  to  estimate 

* Definitions  of  ecosystem  parameters  begin  on  page  28. 


because  of  the  unpredictable  effects  of  these  wastes  in  the 
river . 

Net  community  production  probably  is  quite  low  despite  an 
ample  supply  of  plant  nutrients  Toxic  wastes,  high  turbidities, 
and  poor  substrates  all  inhibit  the  growth  of  aquatic  plant  life. 
Aquatic  food  chains  are  extremely  short,  simple  and  linear. 


Community  Structure  The  bot tom- dwel 1 ing  aquatic  life  in  the 
upper  Cuyahoga  is  dominated  by  intermediately  pollution • tolerant 
organism'^.  These  organisms  usually  account  for  60%  of  the  benthic 
community.  The  lack  of  suitable  habitat  limits  the  distribution  and 
abundance  of  pol lut i on  - sens i 1 1 ve  organisms  in  the  upper  ricei 
Numerous  dams  and  swamp  areas  considerably  reduce  the  total  area  of 
erosional  substrates  most  suitable  for  pol lut ion -sensit i ve  animals. 
There  is  a moderate  variety  of  aquatic  life,  including  game  fish  and 
pollution-sensitive  minnows  and  darters. 

In  the  middle  and  lower  sections  of  the  river,  the  bottom 
dwelling  aquatic  life  is  dominated  by  pol lut ion -tolerant  organisms. 
In  most  cases,  these  organisms  account  for  over  901  of  the  benthic 
community.  Both  the  variety  and  abundance  of  life  are  severely 
limited.  Several  species  of  pollution-tolerant  fish  survive  in  a 
few  areas,  but  most  of  the  region  is  devoid  of  a permanent  fish 
population . 

A summary  of  benthic  inve rteti rat e community  structure  para 
meters  for  the  Cuyahoga  River  is  shown  in  lable  12.  The  number  of 
species,  two  species  diversity  indexc-,  and  the  percentage  of 
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pollution-sensitive,  intermediate,  and  tolerant  organisms  collected 
from  the  Cuyahoga  River  are  recorded.  Fourteen  stations  were 
sampled.  Only  three  stations  (104,  120,  127)  in  the  upi  r Cuyahoga 
River  contained  25  or  more  species.  Although  the  chemical  water 
quality  in  the  upper  Cuyahoga  appears  to  be  satisfactory,  extensive 
areas  of  depositional  substrates  caused  by  dams,  low  flow  augmen- 
tation, and  natural  swamps  restrict  the  variety  of  benthic  inverte- 
brates . 

In  the  middle  and  lower  Cuyahoga  River,  the  number  of  species 
is  reduced  dramatically.  This  situation  is  reflected  in  both  the 
Shannon  diversity  indexes  and  the  Beck  biotic  index.  Although  the 
natural  substrates  should  support  50  or  more  species,  effluent 
from  domestic  wastewater  treatment  facilities  and  industrial  wastes 
destroy  large  numbers  of  pollution-sensitive  species. 

Except  for  upper  Cuyahoga  stations  104  and  120,  pollution- 
sensitive  organisms  accounted  for  less  than  15  percent  of  the 
organisms  at  each  station.  Even  at  stations  104  and  120,  pollution- 
sensitive  organisms  accounted  for  only  17.5  and  24  percent 
respectively.  Because  of  the  nature  of  natural  substrates  at  most 
stations  pollution-sensitive  organisms  should  account  for  over  80 
percent  of  the  benthic  invertebrates. 

Intermediately  pollution-tolerant  chironomids  and  other  fly 
larvae  accounted  for  over  70  percent  of  the  organisms  collected  at 
10  of  the  14  stations  sampled.  This  included  stations  in  both 
the  upper  and  middle  reaches  of  the  Cuyahoga  River. 

Pol lution- tolerant  chironomids,  sludgeworms  or  air-breathing 
snails  accounted  for  over  75  percent  of  the  invertebrates  collected 
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at  stations  immediately  below  wastewater  treatment  facilities  at 
Kent  and  Akron. 

Nutrient  Cycling  Nutrient  cycling  in  the  upper  Cuyahoga  is  well 
controlled  in  most  areas.  Inorganic  nutrients  such  as  phosphates  and 
nitrates  are  utilized  efficiently  by  the  river  plant  life.  Phyto- 
plankton in  Lake  Rockwell  is  particularly  effective  in  removing  phos- 
phates and  nitrates. 

In  the  middle  and  lower  Cuyahoga  River,  nutrients  are  almost 
totally  uncontrolled  by  the  aquatic  plants  and  animals.  The 
concentration  of  phosphates  and  nitrates  is  excessive  and  these 
materials  enter  Lake  Erie  in  great  abundance.  The  presence  of 
toxic  wastes  greatly  restrict  the  variety  and  abundance  of 
aquatic  plants  that  normally  control  these  nutrients. 

b . Baseline  Condition  for  the  Rocky  River  Basin 

Baseline  conditions  for  the  Rocky  River  Basin  are  shown  in 
Table  10.  Most  of  the  Rocky  River,  both  East  and  West  branches, 
is  badly  polluted  with  poorly  treated  and  untreated  domestic  wastes 
Only  a few  kilometers  of  the  headwater  regions  are  relatively 
unpolluted.  Extensive  organic  sludge  deposits  exist  below  water 
treatment  plants  and  wastewater  treatment  facilities,  Coliform 
bacteria  exceed  the  State  of  Ohio  Stream  Water  Quality  Standards 
in  nearly  all  areas.  Dissolved  oxygen  levels  decline  to  near 
zero  in  down  stream  regions  during  summer  low-flow  periods.  Total 
dissolved  solids  exceed  Ohio  standards  in  most  areas.  .Most  lakes 
used  for  swimming  require  chlorination  to  meet  bacterial  standards. 
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Community  Energetics  Because  of  the  extensive  organic  pollution 
in  the  Rocky  River,  P/R  ratios  probably  average  considerably  less 
than  one  Respiration  rates  of  the  micro-organisms  occupying  the 
vast  quantities  of  organic  sludges  probably  greatly  exceeds  the  gross 
photosynthetic  rate  of  the  river  flora  Because  of  the  extensive 
sludge  deposits,  gross  production  to  standing  crop  biomass  ratios 
probably  are  extremely  low  Aquatic  food  chains  are  linear  and 
extremely  short. 

Community  Structure  The  aquatic  life  in  most  regions  is  dominated 
by  pollution-tolerant  sludge  worms  and  chironomids.  These  organisms 
usually  account  for  more  than  60%  of  the  bottom- dwell ing  animals. 

The  variety  of  aquatic  organisms  is  very  low,  except  for  short 
sections  of  the  headwaters  region. 

A summary  of  benthic  invertebrate  community-structure  para- 
meters for  Rocky  River  is  shown  in  Table  13.  The  number  of  species 
collected  at  each  of  18  stations  is  recorded,  as  well  as  the  widely 
used  Beck  biotic  index  of  pollution  (Beck,  1955).  The  natural  ^ 

substrates  at  most  stations  were  suitable  for  50  or  more  species  j 

i 

of  benthic  invertebrates.  Beck  indexes  should  total  at  least  j 

] 

50  at  each  station  Examination  of  Table  13  indicates  that  no 
station  approached  these  desirable  values.  Only  two  headwater 

stations  contained  more  than  20  species.  Eleven  of  eighteen  ■ 

stations  contained  ten  or  fewer  species  of  invertebrates.  Beck 
indexes  followed  a similar  pattern.  Only  three  headwater  stations 

had  indexes  greater  than  20,  Eleven  of  eighteen  stations  had  index  j 
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values  less  than  10, 


Nutrient  Cycling  Nutrient  cycling  is  poorly  controlled  in  most 
of  the  Rocky  River  Inorganic  nutrients  such  as  phosphates  and 
nitrates  are  mostly  extrabiotic  and  controlled  by  physical  factors 
rather  than  biological  organisms  The  concentration  of  phosphates 
and  nitrates  is  excessive  and  the  nutrients  are  not  completely  utilized 
by  the  river  flora  Excess  nutrients  empty  into  Lake  Erie  where  they 
add  to  an  already  over-fertilized  lake. 

c . Baseline  Conditions  for  the  Chagrin  River  Basin 
Baseline  conditions  for  the  Chagrin  River  Basin  are  shown  in 
Table  11.  Most  sections  of  the  Chagrin  River  contain  water  of 
relatively  good  to  moderate  quality.  Short  stretches  below  several 
wastewater  treatment  facilities  contain  sludge  deposits  and 
relatively  low  levels  of  dissolved  oxygen  Within  the  Village  of 
Chagrin  Falls,  mildly  toxic  materials  enter  the  stream  from  storm 
sewers  and  a small  industrial  firm  Coliform  bacteria  usually 
exceed  the  State  of  Ohio  Stream  Water  Quality  Standards  in  most 
areas , 

Community  Energetics  Gross  production/community  respiration 
(P/R)  ratios  probably  approach  one  in  most  sections  of  the  Chagrin 
River.  River  flora  is  abundant  and  organic  sludge  deposits  less 
extensive  than  in  either  the  Rocky  or  Cuyahoga  Rivers.  For  this 
reason,  the  ratio  of  gross  production  to  standing  crop  biomass  is 
probably  relatively  high.  Aquatic  food  chains  in  upstream  areas 
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are  relatively  complex,  weblike,  and  comparatively  long.  In  down- 
stream sections  and  areas  immediately  below  wastewater  treatment 
facilities,  food  chains  are  short,  simple,  and  linear. 


Community  Structure  i summary  of  benthii.  invertebrate  community- 
structure  parameters  for  the  Chagrin  hiver  is  sliown  in  lable  14.  Ben- 
thic invertebrates,  because  of  tl'cii  importance  in  aquatic  food  chains, 
usually  provide  a reliable  and  convenient  indication  of  the  con 
ditions  of  othei  aquatic  communities  I’he  number  of  species,  two 
species  diversitv  indexes,  and  the  iiercentage  of  pol  lut  i on  - sensi  1 1 ve 
inte  rmed  1 at  ir  , and  tolerant  organism"^  collected  from  the  Chagrin 
Biver  are  recorded  Sixteen  stations  were  sampled  Shannon 

diversity  indexes  (IVillim  and  Dorris,  1968)  and  the  percentages  of 

pol lution - -ens 1 1 1 ve  , intermediate,  and  tolerant  organisms  (Macken 
thun,  1969)  were  calculated  for  only  6 stations  Two  headwatei 
stations  contained  a relatively  large  number  of  species;  34  at 
Dines  Road  and  40  at  U S Route  87  (he  number  of  species  col- 
lected at  the  remaining  stations,  however,  ranged  from  only  6 to 
25.  These  stations  should  contain  50  or  more  species  of  benthic 
invertebrates  Beck  indexes  followed  a similar  pattern.  Index 
values  at  headwater  stations  49  and  51  were  relatively  high, 
indicating  a normal  diversity  of  benthic  invertebrates.  At  the 

remaining  stations,  however,  indexes  were  quite  low  indicating  a : 

greatly  reduced  diversity  of  aquatic  life  A similar  pattern  of 

diversity  was  indicated  by  Sh an non  diversity  indexes.  ^ 

The  greatest  proportion  of  organi-^ms  collected  at  most  stations 
were  intermediately  jio  1 1 ut  i on  - 1 o 1 e rant  chironomids  Inorganic 
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silts  and  septic  tank  drainage  covered  large  areas  of  the  natural 
eroding  substrates,  thus  destroying  considerable  habitat  for 
pollution-sensitive  organisms  such  as  stoneflies  and  mayflies. 

Cold  water  fish  including  trout  and  darters  inhabit  several 
headwater  areas  The  variety  of  organisms  is  moderate  to  large  in 
most  headwater  regions,  but  considerably  reduced  in  downstream 
areas  . 

Nutrient  Cycling  Nutrient  cycling  is  moderately  well  controlled 
in  most  of  the  Chagrin  River«  Inorganic  nutrients  such  as  phosphates 
and  nitrates  are  utilized  to  some  extent  by  the  river  flora.  Only 
moderate  quantities  of  these  plant  nutrients  enter  Lake  Erie 
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2.  Public  Health  Baseline  Conditions 


The  search  for  baseline  conditions  in  the  public  health  area 
was  conducted  among  tlie  governmental  and  major  private  agencies  in 
the  region  as  well  a--  at  the  state  level  IVith  the  exception  of 
the  standard  vital  statistic^,  no  agencv  has  compiled  an  analysis 
of  the  current  liealth  problems  or  trend''  in  the  basin  or  any  of  its 
component  pait-  This  deficiency  has  tended  to  inhibit  our 
consideration  of  specific  effects  within  the  basin  However,  there 
is  adequate  evidence  of  livgienu  liazaid,  both  potential  and  actual, 
in  environmental  and  public  heilth  literatuie 

fhe  health  problems  of  wastewater  management  are  inevitably 
related  to  tlie  constituents  transported  and  how  they  relate  to  the 
future  use  of  tliat  water  In  terms  of  hake  Trie,  as  the  receiving 
body  of  water  for  sewage  residuals  and  as  the  source  of  drinking 
water  for  millions  of  residents  of  the  basin,  we  are  unable  to  avoid 
the  conclusion  that  all  st^^ws  are  sippmg  out  of  the  same  septic 
tank.  Althougli  epidemics  of  water  borne  diseases  such  as  typlioul, 
dysentary  and  cholera  have  been  brought  under  control  and  are  no 
longer  statistically  significant,  water  borne  diseases  still  exist. 
The  epidemic  at  K i ve i s i de  , California  in  1965  which  affected  18,000 
people,  a .50  “s  attack  rate  in  Angola,  New  York  due  to  a failure  of 
the  disinfection  system  of  tlie  watei  supply,  and  the  60  S hepatitis 
attacic  rate  whicli  afflicted  the  llolv  Cross  football  team  in  1969, 
provide  ample  indication  of  tlie  effect  of  inadequate  control. 
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by  the  IJ  S I’uh  1 u Health  Service  report  that 
in  the  United  STate-  drink  water  that  contains 
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potentially  hazardous  amounts  of  chemical  and  bacteriological 
contamanat ion . There  is  a steady  increase  in  the  number  of  new 
chemical  contaminants,  estimated  as  high  as  500  per  year.  It  is 
questionable,  given  the  most  optimistic  interpretation,  whether 
water  systems  can  deliver  adequate  quantities  of  safe  water  under 
these  circumstances.  Recognizing  the  major  importance  of  drinking 
water,  consideration  must  also  he  given  to  the  public  health  aspects 
of  water  based  recreation  Reduction  of  recreational  opportunity 
represents  the  most  widespread  consequence  of  water  pollution. 
Bacterial  levels  have  effectively  closed  the  beaches  of  Lake  Erie 
and  new  knowledge  about  the  concentration  of  pollutants  at  the  air- 
water  interface  presqges  new  hazards  for  body  contact  sports  at 
considerable  distances  from  the  shoreline 

By  the  year  2020,  it  is  estimated  that  our  national  water 
requirements  will  exceed  1300  billion  gallons  each  day.  However, 
hydrologists  believe  that  our  total  usable  surface  water  supply 
from  rainfall  is  only  700  billion  gallons  per  day.  Under  these 
circumstances,  the  necessity  for  reuse  of  our  surface  water  re- 
sources is  obvious  But  the  waste  products  of  our  highly  urban- 
ized, technological  society,  pollute  our  water,  persist  in  our 
environment  and  react,  one  with  another,  in  complex  and  little 
understood  ways,  to  affect  the  life  cycles  of  plant,  animal  and 
human  organisms. 

Our  water  resources  illustrate  the  interaction  of  all  parts 
of  the  environment  and  also  the  recycling  process  that  characterizes 
every  resource  of  the  biosphere.  Everything  that  man  injects  into 
his  environment  - chemical,  biological  or  physical  can  ultimately 
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find  its  way  into  the  earth's  water,  and  these  contaminants  must 
be  removed  by  nature  or  man  lu'l'ore  i he  water  diinkable  Miile 
previous  concern  has  centered  on  bacterial  contamination,  chemical 
pollution  of  receiving  waters  po'^e^  even  larger  problems  Quantities 
of  pesticides,  organic  chemical'^  and  toxic  metals  are  entering  the 
waters  and  are  not  being  removed  by  established  water  treatment 
methods  Their  daily  consumption  presents  a potential  threat  to 
people’s  hea  I th 

It  must  be  recognizea  that  tlie  concentration  of  a specific 
substance  in  drinking  water  mav  represent  only  a small  fraction 
of  the  total  human  intake  of  tliat  "ubstance  It  is  also  essential 
to  consider  the  intake  from  atmospheric  exposure  through  the 
nose,  eyes,  lungs  and  digestive  tract,  foodstuffs,  which  m them- 
selves may  have  served  to  concentrate  'peciiic  pollutants;  water 
and  other  beverages;  and  skin  contact  Man's  total  intake  of  sodium, 
calcium,  chloride  and  sulfates,  lor  example,  is  generally  far  more 

\ dependent  on  his  diet  than  on  concentrations,  of  these  substances 

I 

in  drinking  water 

An  editorial  in  Sc i ence , 2 5 February  1972,  states  that 
[ community  health  is  more  directly  dependent  on  disease  prevention 

than  on  tlie  availability  and  sopli  i -it  icat  ion  of  resouices  foi 
medical  care  Great  improvement  in  public  health  would  be  possible 
if  we  were  able  to  understand  and  control  the  general  environmental 

I 

I factors  contributing  to  disease  Ihe  definition,  explanation  and 

; control  of  the  various  determinants  of  disease  lequiies  an  appie 

I elation  of  the  ecologic.il  systems  of  wliich  thev  aie  a part. 

’ Environmental  management  holds  loifh  tlie  promise  of  new  and  more 
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effective  means  o(  disease  [irevcntion 

We  can  estal  lisli,  despite  tlie  complicating  factor  of  genetic 
variability,  a working  hypothesis  tliat  the  difference  in  disease 
frequency  between  different  populations  is  mainly  the  result  of 
their  different  environmental  experience  Therefore,  the  lowest 
observed  risk  of  illne'"-  in  anv  gencial  population  is  a goal  attain- 
able in  any  otliei  population  This  falls  somewhat  short  of  the 
ideal  of  eradicating  disease,  but  it  i so  far  in  advance  of  present 
reality  that  it  '^hould  be  acceptable  a"-  worthy  of  our  efforts 

fhis  approach  i-  of  specific  and  extreme  importance  in  the 
managment  of  wastewater  Evidence  is  accumulating  that  minor 
constituents  may  have  significant  relationships  to  the  chronic, 
long  term,  degenerative  type  disease*^  that  are  becoming  major 
causes  of  illness  and  death  as  the  bacterial  diseases  shrink 
before  the  antibiotics. 

a . Public  Water  Supply  Systems 
The  provision  of  adequate  water  has  been  and  will  continue  to 
be  one  of  the  major  elements  governing  residential  and  industrial 
development  througliout  the  area  At  the  present  rate  of  urbanization 
and  industrialization,  both  the  quantity  and  quality  of  water  are 
important.  Lake  Erie,  together  with  the  principal  rivers,  reser- 
voirs and  inland  lakes,  assures  a vast  supply  of  surface  water. 

Lake  Irie,  for  example,  supplies  some  23  municipal  water  systems. 

I’  J billion  gallons  jier  day  i withdrawn  for  residential, 

■ I il,  .ind  industrial  use.*- 

teil  problem,  however,  docs  not  lie  in  the  quantity  of 
,pplv  but  in  the  increasing  degree  of  pollution  of  the 
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principal  water  sources  in  the  area  The  condition  of  Lake  Erie 
and  Its  trtbutarie-'  i "=  an  example  The  quality  of  Tivd  water 
varies  in  different  area''  i'ollution  related  studies  show  that 
many  of  the  stream-^  are  polluted  heavily  in  '-ome  atoa^'  and  are 
polluted  to  some  extent  over  tlieir  entire  length  The  pollution 
of  these  trihutarie''  has  -eiiou'ly  affetled  the  quality  of  Lake 
Erie  water  Ground  water"^  are  also  ''ubject  to  pollution,  from 


many  source‘s 

I'here  are  a nun.br  r of  fiibli^  and  [irivate  water  supply  systems 
in  the  Three  Hivers  basin  Ihe^'C  'y-tcni'''  range  in  size  from  the 
water  distribution  sy<,tem  (,  f the  City  of  ('leveland,  serving  a 
total  population  of  over  2,000,000,  down  to  systems  providing 
water  to  small  neighborhoods  or  indu-tiial  complexes  Data  on 
public  water  supply  systems  and  the  number  of  people  they  serve 
are  shown  in  lable  22  . 

In  general,  the  larger  public  water  supply  systems  along  the 
Lake  draw  their  supply  of  raw  water  form  lake  Erie  The  inland 
systems  may  be  supplied  from  other  sources  such  as  rivers,  inland 
lakes,  reservoirs  and  wells  Ihe  majority  of  'mail  inland  water 
systems  use  ground  water  which,  in  many  instances,  is  consumed  with- 
out treatment 

Among  the  present  public  water  supply  sy>=tems,  the  largest  is 
that  of  the  City  of  Cleveland  which  distributes  water  to  all  of 
Cuyahoga  County  and  [>arts  of  the  adjacent  counties  of  Lorain,  Medina, 
Summit  and  lake  liie  Cleveland  Water  Division  serves  a total  of 
75  municipalities,  including  the  Citv  of  Cleveland,  over  an  area  of 
560  square  miles  with  an  c'-timatcd  total  population  of  2 0 million 
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TABLE  22  Estimated  Population  Served  By  Public  Water  Supply 
Systems,  15)69 


County 

Popular  ion 
Served 

Total  Estimated 
County  Population 

Percent  of  County 
Population  Served 

Cuyahoga 

1,824,035 

1 , 768,022 

103 . 5^ 

Geauga 

5,695 

62,148 

9 . 2 

Lake 

134 , 785 

194,022 

69 . 5 

Lorain 

207,300 

264,713 

78.2 

Medina 

30,8  '0 

80,324 

38  . 5 

Portage 

53,190 

118,240 

45.0 

Stark 

253,421 

369,315 

68  . 5 

Summi t 

457,400 

569,513 

80.5 

TOTAL 

2,966 ,736 

5,426.197 

86  6 av 

Source : 

State  of  Ohio,  Dept  of  Health,  Division  of  Engineering 
Water  Supply  Unit,  Lake  Erie  Ba-in  Inventory  of  Public 

Water  Suppl i es 

County , January,  1969 

Northeast  and  Southeast  Ohio  Water  Development  Plans 
Burgess  and  Nipple,  ltd  , Principal  Consultant,  Exist 
ing  Public  Water  Supply  Systems  (.working  papers) 

State  of  Ohio,  Development  Department,  Economic  Research 
Division,  Population  Estimates  for  Ohio,  January,  1969 


^The  water  department  of  the  City  of  Cleveland  also  serves 
the  population  of  parts  of  four  adjacent  counties 


In  iyo9,  the  total  avetage  daily  consumption  in  the  system  was  363 
million  gallons,  with  a maximum  consumption  of  545  million  gallons. 
Today,  a maximum  of  615  milli(.m  gallons  of  water  can  be  drawn  daily 
from  the  Lake  through  four  intake>  In  1969,  the  annual  water 
consumption  was  about  132  billion  gallons 

The  fact  that  the  public  water  availability  and  supply  is  an 
important  factor  in  urban  development  is  manifested  in  the  number  of 
water  studies  which  have  been  carried  out  or  are  under  way.  The 
Ohio  IVater  Oommi  s s i on , l.'epartment  of  Natural  Hesources,  lias  com 
pleted  a comprehensive  water  development  plan  for  Northwest  Ohio, 
one  of  the  five  regions  into  which  the  state  was  divided  The 
other  four  regions  are  the  Northeast,  Southea'^t,  Southwest  and 
Central.  Similar  studies  for  the  Northeast  and  Southeast  areas 
are  currently  under  way  The  purpose  of  these  studies  is  to  provide 
a comprehensive  plan  for  the  development  of  water  resources  that  will 
give  maximum  support  to  the  growth  and  development  of  the  individual 
regions  and  the  State  of  Ohio 

The  City  of  Cleveland,  Department  of  Public  Utilities,  has 
also  initiated  a major  .study  whivh  is  p, resentlv  under  way  and  which 
will  provide  the  ('ity  with  a pliy':'ical  and  financial  expansion  plan 
for  its  water  supply  and  distribution  system  phased  through  1990 
and  2010  Ihe  profiosals  of  thi.s  s^udv  will  be  incorporated  into 
the  Nortlieast  Otiio  Kater  I’lan  studv  initiated  by  the  Ohio  Water 
Commission  of  the  Department  ol  Natural  Hesources 

future  develoiniient  will  reiiuire  the  coordinated  expansion  of 
present  water  supply  '->stems  ami  llu  prepei  utilication  of  both 
sirrface  and  ground  water  "■oiirce"'  Ihe  abundance  of  natural  water 


sup)ilio>  in  11111^)1  taut  to  the  area  and  can  contribute  in 

large  mea'-uM-  m it-  future  etonomic  and  industrial  development. 
Proper  ineaMiie-  on  a region  wide  ha-i'^  mu-l  be  taken,  however,  in 
order  to  pici'ent  the  thieat  ui  lutthci  de  t c- 1 i o i a t i on  of  the  quality 


of  water  le-outce- 

Pub  1 1 c San  1 r a r \ Sewej_  Svsu 

I'he  flcveland  -ewrige  di'po-il  '■V'teiii  -or\'e-  a broad  area  In 
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ment  works  in  the  H ree  Riva  i-  aiea,  bv  Pountv,  i-  -hown  in  fable  23. 
The  publu  -ewi.'iage  -v-tem  in  the  di-'iut  u ived  about  "’Ss  of  its 
population  in  l9bR 

Many  count  ic.-  .ind  mun  i c i I'.a  1 i t 1 1 h.ive  plans  at  present  lor  the 
improvement  and  expansion  of  i iie  i i -ariitniV  -ewei  systems  to  meet 
future  needs  in  wa'-tewater  di'pc-al  t o iities  Plans  have  been 
drawn  for  tegional  i ii  to  1 1 e|>t  <m  s (im  ('uv'.ilioga  County  which  winild 
provide  watei  pollution  (.ontiol  ( ivilifie-  to  an  area  extending 
from  west  ol  the  fCi  It  i ve  r to  t s s,- 1,  j i < 1 1 v the  (Tiagiin  Kivei,  .and 
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by  tlie  propo'od  sv  tem  coiiui  h i pp  i o v i m 1 1 <■  1 n'  with  t lie  boundaiies 
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TABLE  23  . Estimated  Population  Having  Access  to  Public  Sewage 
Treatment  Works,  1968 


County 

Popula  1 1 on 
Served 

Total  Est imated 
County  Population 

Percent  of 
Population 

County 

Served 

Cuyahoga 

1 ,649,64  0 

l,774,0g9 

93.3% 

Geauga 

6,618 

61,592 

10.7 

Lake 

63,420- 

198,841 

31 .8 

Lorain 

188,777 

’264,539 

71 . 5 

Medina 

28,191 

80,930 

3 4.8 

Portage 

56,010 

113,341 

49.5 

Stark 

179,877 

* 370,618 

48 . 5 

S umm i t 

401,468 

569,953 

70.6 

TOTAL 

2,574,001 

3,434,243 

74  9 av. 

Source:  State  of  Ohio,  Ohio  Department  of  Health,  Division  of 

Engineering,  Municipal  Sewage  Treatment  Works  in  Ohio, 
January,  19"0. 

State  of  Ohio,  Development  Depaitment,  Economic  Research 


of  t lu'  Cle\i.  laiul  ''.iTot  ^''--10111 

In  ''pitc  of  all  the  wa>tewaiei  dispo'^al  studies  which  have  been 
completed  or  are  under  way,  the  problem  ol  water  pollution  still 
remain-  \iituillv  ttie  same  and  prob^dMv  will  continue  until  regionally 
coordinated  plan‘d  are  implemented  to  cM  te  t 1 ve  1 v control  the 
pollution  from  the  entire  watri^hed 

3.  Esthetic  - Recreational  Characteristics 


Although  esthetic  descriptions  tend  to  be  subjectively  relative 
to  individual  opinions,  the  Three  River  Watershed  area  may  generally 
be  regarded  as  esthetically  deficient  in  its  present  image.  The 
rolling  topography  of  the  area  with  its  extensive  water  resources, 
offers  esthetic  potential  for  outdoor  recreational  activities  and 
general  landscape  amenities,  but  such  potential  is  inhibited  in  many 
areas  of  the  watershed  by  the  dominating  influence  of  the  highly 
industrialized  Cleveland-Akron  complex,  and  the  associated  problems 
of  urban  blight,  congestion,  and  sprawling  growth  patterns 

In  describing  the  study  area's  esthetic  and  recreational 
conditions,  a general  framework  is  indicated  for  guidance.  Water 
related  recreation  covers  a wide  range  of  activities,  of  which  two 
major  water-use  types  may  be  generalized:  use  of  water  as  a medium 

on  which  or  in  which  the  recreational  participants  engage,  and  tlie 
function  of  water  as  a scenic  value,  where  the  value  of  water  is  an 
esthetic  resource  contributing  to  the  visual  quality  of  the  land- 
scape, The  range  of  recreational  activities  occurring  under  these 
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general  water  uses  are: 
Water-Based 


Water -Enhanced 


Swimming 

Fishing 

Boating 

Canoeing 

Sailing 

Water-skiing 


Camping 

Picnicking 

Sightseeing 

Nature  Walks 

Hiking 

Hunting 

Driving  for  Pleasure 


Although  perceptions  of  the  person  in  the  role  of  recreation  user 
may  be  mutually  exclusive  of  his  perceptions  as  an  industrialist, 


the  perspectives  may  conflict. 


a • Trends  of  Increasing  Demand 
In  terms  of  the  demand  for  recreational  opportunities,  the 
Northeast  Ohio  population's  participation  in  water -or iented  recrea 
tion  is  typical  of  national  trends,  which  manifest  the  American 
preference  to  utilize  increased  leisure  time  in  outdoor  recreational 
activity  The  1962  Study  of  the  U S.  Outdoor  Recreation  Resources 
Review  Commission  (ORRRCA)  projected  a dramatic  increase  in  outdoor 
recreation,  including  all  water ■ related  activities  Howevei , the 
quantity  of  water  for  future  recreational  use  is  in  doubtful  supplv 
considering  tlic  inliibition  of  existing  polluted  water  condition; 

fable  24  presents  the  participation  rates  of  June  August  r'oO  i 
various  water  related  i ei.  reat  lonal  activities  of  the  U S-  Kortl'  Ccnti. 
regional  population,  whicli  mav  be  considered  indicativ^e  of  t lie  fhrco 
Rivers  Watershed  Significant  portions  of  the  total  population 
participated  in  all  activities,  with  race  and  income  class  as  majoi 
indicators  of  differential  rates  among  classes  Over  the  brief 
span  from  i960  to  1965,  changes  show  a trend  towaids  increased 
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participation  in  all  water  - re lated  recreational  activities.  Non 
participation  rates  show  a 51  rise  from  1960  to  1965  in  the  "lack 
of  supply  S distance"  factor  (See  Tables  25  and  26.  ) Thus,  it  appea 
that  adequate  development  of  water-related  outdoor  recreation  oppor 
tunities  is  not  keeping  pace  with  the  increasing  demands  of  the  Ame r 
public  - 

b . Current  Supply  Deficiencies 

The  existing  conditions  in  the  Three  Rivers  Watershed  area 
indicate  a valid  basis  for  concern  with  recreational  potentials 
affected  by  alternate  wastewater  management  systems  In  general, 
the  area  is  endowed  with  a wide  variety  of  water  resources  However 
the  quality  of  water  and  adjacent  landscapes  for  recreation  lias 
become  increasingly  poorer,  and  the  impact  of  urban - indust i lal 
encroachment  on  exi'ting  open  space  areas  has  inhibited  rec  i oat  i on.i  l 
deve lopment 

The  major  environmental  influence  of  tlie  Cleveland  area  is  t lie 
pre-.ence  of  l.ake  1 t ic'  Its  major  rt  reational  resource  is  its 
extensive  me  t ' opo  1 1 1 an  park  system,  whicli  encircles  tlio  citv  ilong 
and  between  its  major  river  valleys.  Lake  Trie  is  central  to  tlie 
entire  metropolitan  region,  yet  most  of  the  region's  population  is 
cut  of!  Iroiii  tlie  lake  tlirough  commerual  and  private  dc  vc  1 opinen  i 
In  the  City  ol  Cltvelaml,  tlie  port  occupies  the  inincipal  w 1 1 1.  i 
Iront  -lioreline  Away  from  tlie  port  distrut,  miicli  of  the  "Iim!. 
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and 
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Table  25  Outdoor  Recreation  Activity  Days  Per  Person 
(Persons  12  yrs.  of  age  and  over) 

U,S.,  Summer  1960  and  Summer  1965 


ACTIVITY  DAYS  PER  PERSON 

1960  1965 


Passive 


Driving  for  pleasure 

6 

.68 

6 

65 

Picnics 

2 . 

,14 

3 

21 

Sightseeing 

2 , 

,20 

3 

20 

Walking  for  pleasure 

4 

34 

7 

. 34 

Nature  walks 

0, 

,75 

1 

y'' 

Water  Activities 

Fishing 

1, 

.99 

2 

26 

Canoeing 

0 

07 

0 

14 

Sailing 

0 

0 5 

0 

16 

Other  boating 

1 

, 22 

1 

, 56 

Water  sk 1 ing 

0 

30 

0 

4 2 

Swimin  i ng 

5 

15 

6 

84 

Source.  I960,  U__S  Nat'onal  Recreation  Survey;  1965  figures, 
Bureau  of  O'uTdoor  Recreation,  U S Dbpt  of  the 
Interior,  as  reported  in  Abbot  L Ferris,  "The 
So'ial  and  Personality  Correlates  of  Outdoor  Rerrea'i 


Table  26  Changes  in  Reasons  for  Not  Participating  in 
Outdoor  Recreation,  U S 1960,  1965 


REASON 

r?oir' 

a 

T5inr 

% 

CHANGE 

a 

c 

Lack  of  time 

25 

29 

4 

Lack  of  supply,  or 
crowdedness,  or 

distance  from  home 

17 

22 

5 

Lack  of  skill,  age, 

health,  fear 

2 1 

19 

- 2 

Lack  of  money 

12 

12 

0 

Lack  of  equipment 

17 

10 

- 7 

Other 

8 

8 

0 

Total 

100 

100 

Source;  Ibid 
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Bathing  Beach  Water  Quality,  June  1968  (FWPCA  - U.S.  Dept.  o£  Interior) 


the  lake,  private  suburban  developments  and  large  estates  success 


I 


1 


fully  deny  access  to  the  lake,  for  much  of  the  region's  population 
Little  of  the  lake  front  area  is  developed  for  recreational  activ 
ities  for  which  it  is  suited,  and  much  of  the  area  is  in  private  and 
exclusive  development.  Those  shoreline  areas  which  had  been  used  as 
bathing  beaches  have  become  ecologically  and  hygienically  impaired 
Raw  sewage  discharges  have  caused  levels  of  bacterial  contamination 
which  inhibit  body  contact  activities,  and  trash,  debris,  oil  and 
other  noxious  inputs  have  degraded  the  general  appearance  of  tlie 
shoreline,  as  well  as  caused  odor  problems. 

The  nature  of  the  lakeshore  development  effectively  denies 
access  to  the  amenities  of  the  lake  to  the  inhabitants  of  the 
inner  city  of  Cleveland.  These  same  residents  are  also  at  too 
Additional  problems  which  constrain  effective  water-based  recreation 
development  for  the  region  result  from  a similar  degree  of  dis- 
jointedness between  water  management  agencies  of  the  State  and 
the  cities. 

In  general,  the  Three  Rivers  District  is  characterized  by  con 
gestion  and  inadequate  recreational  land  development  which,  it  should 
be  noted,  is  further  aggravated  by  air  pollution.  The  Cleveland 
Akron  corridor,  which  is  the  main  axis  of  urbanizaiton  within  the 
district,  has  a considerable  deficit  in  recreational  land,  as  does 
the  Lake  and  Lorain  County  areas.  On  the  other  hand,  less  densely 
populated  counties  to  the  southeast,  south  and  southwest  of  Cleveland 
have  a surplus. 
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c . 1 uture  Demand/Supply  Potential 

The  Ohio  Department  of  Natural  Resources  recently  conducted  a 
state-wide  survey  of  outdoor  recreation  for  the  purpose  of  detei- 
mining  for  each  county  and  region  the  demand/supply  and  future  needs 
for  each  of  Ohio's  most  prevalent  recreational  activities:  boating, 

swimming,  hiking,  camping,  fishing,  hunting,  outdoor  games  and  sports, 
picnicking  and  pleasure  driving. 

It  has  been  estimated  that  Cuyahoga  County  needs  an  additional 
151,000  acres  of  recreational  development  if  its  population  is  to 
enjoy  adequate  outdoor  recreation  within  reach  of  the  county  At 
least  a third  of  that  amount  is  associated  with  water-based 
recreation.  The  Akron  metropolitan  area,  i.e..  Summit  County,  needs 
an  additonal  35,000  to  40,000  acres  of  recreational  land  if  recrea 
tional  facilities  are  to  be  reasonably  accessible  to  its  residents 
Furthermore,  the  recreational  potential  of  the  less  densely  developed 
great  a distance  from  the  major  metropolitan  jiark  development  ftlic 
emerald  necklace),  which  is  south  of  the  City  of  Clei'olaiul  an<l  exund- 
along  portions  of  the  Rocky  River  and  Chagrin  River  basins  I lu- 
lower  Cuyalioga  R i v(' i flows  through  the  downtown  area  of  the  i ■ 
Cleveland  lioweii  r , the  iiver  i tlie  eiutome  of  industrial  pel  la 
tion,  v.ommeici  il  land  u^-age,  and  oierall  uil'an  deca\  llie  ni' 
of  1 he  lake  limit  d'  elniiment,  t hr  location  of  the  mtiopoliTaa 
park  system,  and  tiie  "open  sewer"  nature  of  the  lower  Cuyahoga 
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mean  that  residents  of  the  central  city  are  separated  from  meaning- 
ful interaction  with  the  major  recreational  and  community  effects 
of  water  resource  development  in  the  Cleveland  metropolitan  area. 

Further  away  from  the  center  of  the  city,  residents  have 
greater  access  both  to  Lake  Erie  and  to  the  sprawling  metropolitan 
park  system.  Therefore,  the  water  recreational  resources  of  the 
Cleveland  area,  as  presently  developed  benefit  those  population 
groups  the  least,  who  sociologically,  have  the  greatest  need  and 
the  most  to  gain  from  their  presence. 

The  problem  is  compounded  by  the  fact  that  not  only  do  the 
majority  of  the  developed  water  based  recreation  facilities  lie  in 
regions  well  outside  the  city  and  even  some  of  its  major  suburbs, 
but  that  fragmentation  between  metropolitan  and  city  agencies  in  j 

the  park  and  recreation  field  further  inhibits  effective  regional 
planning.  The  Cleveland  Metropolitan  Park  District  cannot  optimally 
coordinate  its  land  acquisition  and  development  activities  with  the 
needs  of  the  population  within  the  boundaries  of  the  City  of  Cleve- 
land itself - -despite  the  fact  that  the  residents  of  the  city  are 
taxed  to  maintain  and  support  the  activities  of  the  Park  District 
counties  adjacent  to  the  Cleveland-Akron  urban  corridor  is  being 
threatened  by  increasing  urban  encroachment. 

(1)  County  Profiles 

A brief  inventory  of  general  esthetic  profiles  and  outdoor 
recreation  supply  is  outlined  below  for  each  of  the  watershed 
counties,  with  potentials  indicated  for  balancing  demand  and  supply 
to  meet  future  needs. 
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(a)  Cuyahoga  County:  The  entire  area  becoming  com 

pletely  urbanized,  with  substantial  portions  of  available 
open  space  held  by  the  Cleveland  Metropolitan  J’ark  System 
Topography  throughout  the  county  is  generally  rolling,  with 
rugged  and  steep  features  along  the  three  major  rivers  (Rocky, 
Chagrin  5 Cuyahoga). 

Total  recreation  space:  27,188  acres  (9.3%  total  countv  area) 

Land/Watei  ratio  of  recreation  space:  26,975/21  3 acres-  (99/1) 

Potential  development  sites:  Cuyahoga  River  Valley,  Ohio  Canal 
Restoration,  Chagrin  jliver,  Chippewa  Creek. 

(b ) Geauga  County:  The  area  on  the  whole  exhibits  a 

diverse  landscape  with  extensive  tree  cover  including  numerous 
areas  exceeding  500  acres.  Topography  is  rugged,  with  sig- 
nificant relief  in  the  western  section  along  stream  and 
river  corridors  Relative  to  the  total  N.L  Ohio  Region, 

Geauga  possesses  a basically  natural  atmosphere  of  great 
scenic  value 

Total  recreation  space:  21,918  acres  (8.4%  total  county  area) 

Land/Water  ratio  of  recreation  space:  19 ,287/2 ,631  - (88/12) 
Potential  development  sites:  Parkman  Gorge,  Silver  Creek ■ Anse 1 1 ' ^ 

Ledges,  Cuyahoga  River  Marsh  Area,  Punderson  State  Park. 

(c)  Lake  County:  The  area  exhibits  a diversity  of 

landscape  patterns - -south  of  1-90  the  topography  is  steep 
and  rugged  with  considerable  tree  cover,  while  the  north 
presents  flat  to  rolling  features,  generally  lacking  in 

l'.xtensive  salt  deposits  are  found  in  the  county. 


tree  cover. 


1 

and  major  urbanization  occurs  in  the  western  portion  along 
Lake  Erie 

Total  recreation  space:  12,393  acres  (9%  total  county  area) 

Land/Water  ratio  of  recreation  space:  13,293/100  acres- (99/1) 

Potential  development  sites:  Grand  River  Valley,  Mentor  Marsh, 

East  Branch  Chagrin  River  (site  of  Penitentiary  Gulch  adjacent  to 
Holden  Arboretum,  Lake  Shore  Beach  Park,  Chagrin  River  (location 
of  Kitts  Gully,  a gorge  with  unique  native  flora). 

(d ) Medina  County:  The  flat  to  rolling  topography  exhibits 

significant  natural  features  in  land  and  tree  cover  along  the 
west  and  north  forks  of  the  Rocky  River.  The  Northeast  corner 
of  the  county  is  i igged  and  densely  wooded  (location  of  Hinckley 
Reservation) . 

Total  recreation  space:  9,340  acres  (3.4%  total  county  area) 

Land/Water  ratio  of  recreation  space:  8,587/753  acres  - (92 . 8)  . 

Potential  development  sites:  Chippewa  Lake,  Spruce  Run  (unique 

biological  habitat).  Lake  Medina-Rocky  River  (reservoir  with 
adjacent  wooded  land). 

(e)  Portage  County:  The  area's  rolling  topography  exhibits 

extensive  tree  cover;  a number  of  reservoirs  provide  water-based 
recreational  resources. 

Total  recreation  space:  48,902  acres  (15.1%  total  county  area) 

(Includes  the  21,422-acre  Ravenna  Arsenal,  restricted  recreational 
use  for  controlled  deer  hunting). 

Land/Water  ratio  of  recreation  space:  41 , 39 7/ 7 , 505  (85/ 1 5 ) 

Potential  development  sites:  West  Branch  Mahoning,  Eagle  (i 

Silver  Creeks,  Breakneck  Creek,  Dollar  Lake  and  Streetsboro 
Bog,  West  Branch  Reservoir  State  Park,  Berlin  Reservoir,  Lake 
Rockwell  and  Mogodore  Reservoir. 
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(f)  Summit  County:  The  area  is  heavily  urbanized  to  the 

north,  dominated  by  the  Ak  ron  - Ba  rbe  rton  complex.  i'lic  Cuy.i 
lioj^a  K 1 VC  1 lu mace  l<un  portion  is  the  major  natural  resouice 
Hugged  topography  with  dense  tree  cover  is  present;  the 
I'uscarawas  Hiver  runs  through  the  Southwest  corner. 

Total  recreation  space:  21,651  acres  (8.1^  total  county  urea) 

Land/Watei  latio  of  recreation  space:  17,651/3,930  acres  (82/18) 

Potential  development  sites:  Upper  Cuyahoga  River  Valley,  Singer 

Lake,  Cranberry  Bog,  "532"  Swamp,  Knight  Property. 

(2)  The  Cuyahoga  Valley  Park  Plan 

The  Cuyahoga  River  Valley,  situated  along  the  Akron-Cleveland 
corridor,  provides  a major  recreational  resource  accessible  to  the 
densely  populated  metropolitan  complex.  Preservation  of  the  Valley 
from  urban-industrial  encroachment,  for  development  as  a natural 
recreational  area,  motivated  the  Ohio  Department  of  Natural  Resource‘S' 
Study  in  the  mid-l960's  to  develop  a plan  for  realization  of  the 
area's  potential.  Through  a detailed  analysis  of  the  physical, 
economic  and  social  aspects  of  the  land  and  its  potential  use,  it 
was  concluded  that  utilization  of  the  Cuyahoga  River  Valley  for 
open  space  and  recreation  meets  the  requisite  criteria  of:  (1) 

large  in  area,  (2)  scenically  attractive,  (3)  easily  accessible, 

(4)  suitable  for  multiple  recreational  purposes,  (5j  NO  I'  ■'uit  iblc 
for  other  types  of  urban  development,  and  (6)  relatively  inexpen 
sive  comparable  to  other  regional  sites 

I'ollowing  publication  of  the  study,  tlie  Akron  Met  ropo  1 i t.in 
I’ark  District  and  the  Cleveland  Metropolitan  I’ark  District  joined 


in  an  effort  to  create  a 20,000-acre  park  within  the  valley  region. 
Figure  5 presents  the  location  of  the  area  and  its  many  scenic  and 
historic  sites. 

In  April,  1971,  Ohio  Representative  Seiberling  proposed  a bill 
to  the  U.S.  House  "...to  provide  for  the  establishment  of  the  Ohio 
and  Cuyahoga  Valley  National  Historical  Park  and  Recreation  Area;" 
currently,  the  bill  in  pending  before  the  House  Interior  Committee. 

The  Park  proposal  is  a positive  reaction  to  President  Nixon's 
environmental  policy,  "...to  bring  parks  to  where  the  people  are 
so  that  everyone  has  access  to  nearby  recreational  areas."  The 
basic  plan  provides  for  a network  of  three  sepaiate  but  inter- related 
park  and  open  space  areas  in  populous  Northeast  Ohio.  The  network 
would  include: 

(a)  A 28,000-acre  park  in  the  Cuyahoga  Valley  along  the 
Cuyahoga  River  and  old  Ohio  Canal,  between  Akron  and 
Cleveland; 

(b)  Establishment  of  a recreation  corridor  along  the  old 
Ohio  Canal,  extending  south  of  Akron;  and 

(c)  Preservation  of  portions  of  the  Cuyahoga  River  Stretch- 
ing upstream  from  Akron,  as  a recreation  river  within 
the  "Wild  and  Scenic  Rivers  Act." 

The  overall  rationale  in  proposing  the  Ohio  Canal  and  Cuyahoga 
Valley  National  Historical  Park  and  Recreation  Area  has  been  summed 
as:  "...to  preserve  for  ourselves,  and  our  children,  the  most  scenic 
and  historic  open  green  space  remaining  in  this  highly  industrialized 
region."  With  10,000  acres  of  land  already  owned  by  the  Akron  or 
Cleveland  Metropolitan  Park  Districts,  or  by  quasi-public  agencies, 
it  has  been  proposed  that  federal  control  of  the  remaining  land 
could  feasibly  progress  by  the  utilization  of  scenic  easements  and 
retention  of  occupancy  rights  by  existing  landowners. 
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4 . Social  Well-Being  (See  also  Esthetics-Recreation) 

The  Three  llivers  Watershed  falls  within  a larger,  Cleve- 
land-oriented region  consisting  of  the  30  counties  of  Northeast 
Ohio  and  five  counties  of  Northwest  Pennsylvania?  This  larger 
region  contains  approximately  5.6  million  people  on  17,000 
square  miles  of  land.  During'  the  1950' s this  larger  region  had 
one  of  the  higher  rates  of  population  increase  in  the  Great  Lakes 
megalopolis  area.  Northeast  Ohio  experienced  an  average  increase 
of  21.5-0  during  1950-1960,  compared  to  the  average  rate  for  the 
larger  Great  Lakes  area  of  15.91.  During  the  1960's,  however,  pop- 
ulation growth  in  the  Northeast  Ohio  region  declined  to  about  half 
the  national  average,  indicating  considerable  net  out-migration. 

The  Northeast  Ohio  rate  was  7.5%,  compared  to  an  8.81  rate  for  the 
Great  Lakes  megalopolis  and  13.8%  for  the  nation  as  a whole.  The 
population  growth  during  the  last  decade,  for  the  counties  within 
the  Watershed  was  the  lowest  of  any  decade  in  this  century,  except- 
ting  the  1930' s. 

The  Three  Rivers  Watershed  area,  from  the  standpoint  of  social 
well-being  and  economic  opportunity,  is  dominated  by  the  Cleveland- 
Akron  urban  corridor  and  its  patterns  of  urbanization  and  suburbani- 


* From  the  standpoint  of  marketing,  communications  and  otlier  economic 
factors,  the  Cleveland  area  is  part  of  a far  larger  system  than  the 
Three  Rivers  Basin.  The  available  data  generally  relates  to  larger 
areas  than  these  seven  counties. 
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zation.  Cleveland  is  identified  as  one  of  SO  major  trading  areas  j 

I 

in  the  nation,  with  its  market  extending  to  21  counties.  Both  p 

Cleveland  and  Akron  are  classed  as  major  regional  business  centers,  | 

while  Cleveland  ranks  among  the  10  major  national  business  centers  | 

as  well. 

While  the  Three  Rivers  area  as  a whole  is  relatively  well  off  i 

compared  to  peripheral  areas  of  the  larger  Northeast  Ohio  region,  I 

there  are  varying  degrees  of  well-being  within  the  district  Rates  | 

( 

of  total  and  per  capita  income,  population,  employment  and  unemploy 
ment  have  been  presented  in  Tables  31-35  in  the  section  on  Economic 
Characteristics  for  the  counties  within  the  watershed  areas 

Of  particular  significance  in  Cleveland,  is  the  comparative 
lower  rate  of  growth  over  the  past  25  years,  in  indices  of  social 
well-being  such  as  per  capita  income  and  family  income  within  the 

central  city.  The  central  area  has  been  losing  population  at  an  ’ 

accelerating  rate  to  the  surrounding  suburbs.  A decline  of  14  3% 

occurred  from  1960-1970,  compared  to  a suburban  increase  of  27  ll 

The  suburbs  have  attracted  the  higher  income  population  brackets, 

depriving  the  central  city  of  a much  needed  tax  base.  While  the 

City  of  Cleveland  is  still  the  predominant  employment  source,  the 

growth  supported  by  this  base  is  occurring  outside  the  city.  The 

eastern  strip  of  Cuyahoga  County  and  adjacent  areas  of  Lake, 

Geauga,  and  Portage  Countie'-  contain  the  greatest  relative  con- 
centrations of  high  income  and  educational  attainment. 

The  Cleveland  metropolitan  area  i deteriorating  over  time  in 
a consistent  and  pi^edu  table  ta-hion  However,  the  center  of  the 
city  is  deteriorating  mo'-t  rapidly  and  has  the  most  critical  aiea 
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TABLE  27  Population  Growth  by  County,  1900-1970 


an  area  that  has  increased  from  approximately  10  square  miles  in 
19()0  to  approximately  17  square  miles  in  1970  At  the  same  time, 
generally  unfavorable  conditions  grew  from  an  area  of  some  33  square 


miles  to  40  square  miles  Three  coriidors  of  urbanization,  radiating 
from  Cleveland  toward  El y r i a Lo ra i n , Akron,  and  Erie  respectively, 
are  experiencing  progressive  deterioration  as  well, 

I'he  central  city  of  Akron  demonstrates  similar  deterioration 
and  population  decline,  with  growth  of  suburban  areas.  During 
1960-70  the  central  city  population  declined  by  5 2%  against  a 28  2% 
increase  in  the  =uburbs  Although  major  efforts  for  redevelopment 
of  the  central  citv  have  been  attempted  in  recent  years,  deteriorated 
conditions  lemain  in  the  heart  of  Akron. 

Out  - mi grat ion  from  Cleve land ■ Cuyahoga  County  and  Akron-Summit 
County  IS  spilling  over  into  Medina  County  on  the  west  and  Lake  and 
Geauga  Counties  on  the  east  Furthermore,  economic  opportunities 
are  following  the  resident lal  flight  to  the  suburbs.  Industrial 
employment  changes  for  the  period  1958  1967  in  Cleveland  and  Akron 
SMSA's  central  cities  relative  to  their  outlying  areas  substantiate 
this  trend: 


Cleveland 

SMS  A 

Akron  SMSA 

Percent 

Change  from 

Central 

Outs  1 de 

Central 

Outside 

1958-1967 

City 

Cent  ra 1 

City 

City 

Central  City 

Manufacturing 

- 5 3 

45  9 

13.6 

IS  0 

Retail  trade 

■20  3 

89  5 

2 . 3 

61  5 

Wholesale  trade 

12  4 

171  9 

17  7 

92.9 

Services 

.3  2 

135  2 

15  0 

76  2 

Planning  bodies  w 

ithin  the  w 

ate  rshed 

area 

uniformly 

anticipate 

that  these  trends  wil' 

( OUT inue 

lor  instance 

, the  Cleveland  Regional 

-184- 


Planning  Commission  sees  no  indication  of  a reversal  of  this  decline 
during  the  period  to  1990  The  Commission  notes  that  out-migration 
from  Cuyahoga  County  lias  increased  considerably  in  recent  years 
and  apparently  will  remain  at  high  levels  for  some  time  to  come. 

This  trend  will  hold  for  most  old,  heavily  industrialized,  urban 
areas  in  northeast  Ohio  The  Commission  estimates  that  the  City  of 
Cleveland  will  experience  a 33%  decline  in  population  by  1990  to  a 
base  of  around  500,000  persons  The  Commission  also  estimates  that 
the  suburban  areas  wiH  grow  in  population  by  almost  the  same 
amount  that  the  City  of  Cleveland  will  lose  In  other  words,  a 
relatively  stable  population  wiH  be  maintained  for  the  county  as  a 
whole  Cuyahoga  County  population  will  stay  at  about  1.7  million, 
rising  by  little  more  than  20,000  persons  in  the  next  18  years 

While  such  extended  population  stability  is  not  forecast  by 
ii  other  planning  agencies,  population  growth  estimates  are  being  re- 

duced  considerably  from  earlier  estimates  The  Tri-County  Regional 

[ 

Planning  Commission  has  reduced  thier  projections  in  their  most 

I 

[ recent  forecast  by  32%  from  previous  (1964)  projections  The  dif- 

ference is  a result  of  a re-evaluation  of  migration  trends  and  of 
the  observed  decline  in  birth  rates  Their  report  indicates 
delays  in  the  development  of  the  non -met ropo 1 i tan  areas  of  the 
Tri-County  area  due  to  an  incapability  to  provide  sewers  and  water 
and  the  reduced  growth  of  the  older,  central  cities  in  the  area 

5 . Institutional-Political  Factors 

The  operations  of  the  public  sector  are,  no  doubt,  a short- 


term factor  in  evaluating  proposals  for  new  methods  of  wastewater 
management  Once  the  political  system  has  determined  upon  a parti 


cular  course  of  action,  political  and  administrative  routines  adjust 
to  the  new  policy  rather  quickly.  To  say  that  political  factors 
are  short-teim,  however,  is  not  to  deny  their  crucial  significance 
The  blessing‘s  of  stability,  which  aie  obvious  in  the  carrying  out  of 
administrative  loutines,  are  frequently  formidable  obstacles  to  the 
displacement  of  older  routines  Therefore,  some  assessment  of 
institutional  parameters  is  in  order 

a.  Planning  Capabilities 

The  structures  for  public  planning  in  the  study  area  are  impor- 
tant because  of  their  role  in  goal  setting  for  both  the  area  as  a 
whole  and  its  constituent  political  subdivisions.  In  this  regard, 
the  current  status  of  planning  presents  an  interesting  anomaly.  On 
the  one  hand,  planning  organizations  at  the  municipal  and  county 
level  have  a relatively  solid  tradition,  in  comparison  with  other 
metropolitan  areas  in  the  country.  The  Regional  Planning  Commission 
of  Cuyahoga  County,  for  example,  is  one  of  the  older  organizations 
of  its  type  in  the  nation.  On  the  other  hand,  the  area  as  a whole 
suffers  from  area-wide  planning  that  is  underfinanced,  understaffed, 
and  weakly  supported.  The  Northeast  Ohio  Areawide  Coordinating  Agency, 
which  covers  seven  counties,  began  in  an  atmosphere  of  suspicion 
and  acrimony  between  the  local  governments  and  federal  agency 
representatives.  NOACA  has  never  enjoyed  the  type  of  administrative 
or  official  leadership  that  would  build  a stable  constituency  with- 
in the  region.  As  a result,  it  has  suffered  one  crisis  after 
another,  culminating  in  decertification  by  the  Department  of  Housing 
and  Urban  Development  in  the  summer  of  1971.  Although  recertifica- 
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tion  was  achieved  in  February,  1972,  NOACA  seems  as  weak  as  ever 

From  a technical  point  of  view,  NOACA  has  done  little  toward 
preparing  the  necessary  metropolitan  water  and  sewer  plans  that 
are  a prerequisite  for  federal  aid  Some  of  the  constituent 
agencies,  mo''t  notably  the  Tn  Countv  Regional  Planning  Commission, 
have  proceeded  toward  the  development  of  water  and  sewer  policies 
for  the  counties  within  their  separate  jurisdictions  But  NOACA's 
participation  has  been  minimal,  and  the  output  so  far  hardly  seems 
enough  to  satisfy  federal  grant  requirements. 

The  Three  Rivers  Watershed  District  has  provided  the  major 
thrust  toward  regional  consideration  of  water  resource  problems  and 
solutions,  as  well  as  leadership  for  those  regional  water  pollution 
control  systems  that  are  gradually  coming  into  operation  in  the 
areao  The  District  was  instrumental  in  getting  the  scope  of  the 
Corps  study  broadened  to  cover  the  whole  District  rather  than  just 
the  metropolitan  area  of  Cleveland  and  the  Cuyahoga  River  basin. 

The  District  is  the  principal  coordination  point  for  water  resource 
planning  of  Federal,  State  and  local  agencies  and  its  work  has 
provided  key  inputs  into  the  planning  efforts  of  each. 

The  endemic  weakness  of  goal-setting  activities  at  the 
regional  level  has  had  two  consequences.  One  is  the  absence  of  any 
public  policy  objectives  for  wastewater  management  that  have  received 
the  approval  of  all  governments  within  the  study  area.  The  other 
is  the  relative  absence  of  widespread  recognition,  among  citizens 
and  interest  groups,  of  the  precise  nature  of  wastewater  problems 
within  the  region.  Although  bumper  stickers  proclaiming  "Save 
Lake  Erie!"  are  seen  in  great  profusion,  the  absence  of  any  regional 
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spokesman  leads  one  to  believe  that  no  one  quite  knows  in  what  terms 
Lake  Erie  suffers,  and  in  what  terms  Lake  Erie  is  to-  be  saved.  In 
all  probability,  the  popular  perception  of  wastewater  pollution  is 
composed  of  a series  of  small  localized  problems  of  drainage  and 
overflowing  septic  tanks  The  fact  that  these  problems  may  be  a 
part  of  a larger  regional  problem  is  probably  not  widely  appreciated. 

b . 1~  1 e X 1 b 1 y oi  Institutional  Structures 

As  in  many  other  areas  of  public  service  responsibli ty , the 
Constitution  and  '-tatute?  of  Ohio  provide  a flexible  system  for 
wastewater  management  Municipalities  may  conduct  wastewater  treat 
ment  through  statutes  and  the  general  powers  of  local  self-govern- 

t 

ment,  as  granted  in  the  tlhio  Constitution.  Those  municipalities 
that  have  adopted  charters  may  also  organize  for  this  function 
without  '-ignif leant  constraint.  In  recent  years,  counties  have 
become  heavily  involved  in  wastewater  management  All  counties 
are  authorized  to  set  up  county  sewer  districts,  and  to  employ  countv 
sanitary  engineers,  who  are  not  responsible  to  the  county  engineer, 
but  rather  to  the  county  commissioners  themselves. 

The  Ohio  legislature  is  usually  very  liberal  in  enabling  local 
units  to  accomplish  public  objectives.  In  recent  years,  the  counties 
have  been  quite  successful  in  securing  whatever  enabling  legislation 
they  desire.  Many  local  government  officials  feel  no  special 
statutory  or  constitutional  constraints  on  the  scope  of  their 
responsibilties 

At  the  state  level,  the  three  agencies  that  have  worked  closely 
with  localities  in  wastewater  management  were  the  Department  of  Health 
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principally  through  the  Water  Pollution  Control  Board,  the  Depart- 
ment of  Natural  Resources,  and  the  Ohio  Water  Development  Authority 
Many  of  the  functions  of  these  agencies  were  transferred  to  the 
Ohio  Environmental  Protection  Agency  when  it  became  functional  on 
October  23,  1972 « The  Ohio  EPA  now  will  have  authority  over  laws 
regulating  water  pollution,  water  planning  and  development,  and  the 
supervision  of  sewage  treatment  and  public  water  supply  facilities 

The  Ohio  Water  Development  Authority  is  both  a supplier  and 
coordinator  of  financial  aid  for  wastewater  treatment.  If  a political 
subdivision  is  under  order  to  upgrade  sewage  treatment  facilities, 
the  OWDA  can  prefinance  the  PWQA  grant  and  advance  the  remaining 
70%  of  the  p-^oject  cost,  which  the  local  government  must  repay  with 
interest.  By  May,  1972,  OWDA  had  aided  three  completed  projects 
in  the  Three  Rivers  watershed,  and  had  in  the  application/par ti al 
construction  stage  an  additonai  43  projects,  at  an  estimated  cost 
of  161  million  dollars.  These  43  projects,  are  administered  by  17 
municipalities  and  five  counties.  The  county  projects  service  12 
separate  sewage  collection  areas. 

With  the  magnitude  of  state  financial  interest  in  the  North- 
east Ohio  region,  it  is  of  some  interest  to  assess  the  policies  of 
OWDA.  There  has  been  a substantial  change  in  recent  months  Instead 
of  simply  reviewing  individual  projects  as  self-contained  entities, 
OWDA  is  now  exercising  a critical  review  function  based  upon  regional 
criteria.  Some  applications  from  municipalities  have  been  turned 
down  because  the  projected  sewer  areas  did  not  include  additional 
areas  that  should  be  sewered  in  the  future.  In  implementing  this 
change  of  attitude,  some  local  planning  agencies  have  been  signi- 


ficant*  For  example,  Tri -County  Regional  Planning  Commission,  which 
serves  Portage,  Medina,  and  Summit  counties,  has  been  working  with 
the  three  county  sanitary  engineers  in  developing  county-wide  plans 
Although  attitudes  and  progress  varies  among  the  counties,  it  is 
clear  that  the  Regional  Planning  Commission  and  the  sanitary 
engineers  are  approaching  policy  agreements  which  would  prohibit 
package  plants  and  create  larger  sewer  service  areas  to  be  served 
by  single  large  plants  it  appears  that,  through  local  county 
health  department  regulations,  some  counties  may  be  proceeding  toward 
a "no  sewers,  no  development"  policy. 

c.  Interest  Group  Activity 

Functional  interest  groups,  working  as  the  "best  friend  and 
severest  critic"  of  public  planning  agencies,  have  often  provided 
the  impetus  toward  innovative  programs  in  American  local  government 
In  the  development  of  voluntary  association  intrastructure.  North 
east  Ohio  has  tended  to  be  as  backward  as  it  is  in  the  strong 
support  of  regional  planning.  Most  citizen's  organizations  in  the 
region  are  new,  and  almost  none  have  professional  staff.  Further- 
more, they  are  concentrated  in  the  city  of  Cleveland  and  Cuyahoga 
County.  Of  the  seventeen  county  or  area-wide  citizens  conservation 
groups  that  devote  100%  of  their  time  to  environmental  issues,  only 
8 are  located  outside  of  Cuyahoga  County.  The  lack  of  staff  and 
the  uneven  geographical  distribution  of  organizations,  as  well  as 
their  newness  and  limited  membership  base,  create  a pattern  of  citizen 
activity  that  is  sporadic  and,  by  and  large,  weak. 


d.  Summary 

In  a systemic  sense.  Northeast  Ohio  suffers  from  a relatively 
low  level  of  political  integration,  as  compared  with  other  metro- 
politan regions  in  the  United  States.  A tradition  of  strong  home 
rule  has  reinforced  an  atmosphere  of  competition  among  the  sub- 
regions  of  which  the  study  area  is  composed.  This  competition  is 
reinforced  by  general  uncertainities  about  the  economic  base,  which 
is  weakening  in  both  the  Akron  and  Cleveland  areas.  The  low  level 
of  political  integration  produces  unsophisticated  and  partial  per- 
ceptions of  regional  problems,  inhibits  goal-setting  at  the  regional 
level,  and  maintains  a relatively  dispersed  pattern  of  voluntary 
citizen  activity,  On  the  other  hand,  recent  developments  indicate 
that  the  situation  is  in  flux,  with  possibilities  of  regional  action 
in  certain  parts  of  the  study  area,  and  a growing  appreciation  of 
a regional  approach  toward  wastewater  management.  To  what  extent 
this  nascent  regionalism  is  tied  to  the  conventional  technology  of 
wastewater  management,  or  could  be  transferred  to  a new  technology, 
is  a matter  of  uncertain  speculation. 


e . New  or  Additional  Treatment  Facilities  - Three  Rivers  Watershed 
The  following  data  are  from  the  May  1,  1972  Progress  Report  of 
the  Ohio  Water  Development  Authority.  OWDA  was  created  in  1968 
(ORC  6121)  to  assist  local  governments  and  industries  in  financing 
waste  treatment  facilities.  The  Local  Government  Agency  Program 
prefinances  the  301  FWQA  grant  and  provides  the  remaining  70  which 
must  be  repaid  with  interest.  In  order  to  be  eligible,  a political 
subdivision  must  be  under  order  of  the  Ohio  Water  Pollution  Control 
Board  to  upgrade  sewage  treatment  facilities.  The  Industrial  Pro- 
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gram  is  financed  by  the  issuance  of  OWDA  revenue  bonds,  and  the 
entire  cost  must  be  repaid.  The  incentive,  of  course,  is  an  interest 
rate  about  2%  lower  than  industry  could  secure  through  ordinary 
business  channels „ 

Under  the  LGA  t>rogram  OWDA  has  aided  27  completed  projects, 
for  an  estimated  total  cost  of  13  million  dollars.  Three  are  located 
in  the  Three  Rivers  Watershed.  An  additional  291  projects  are  in 
the  application/partial  construction  stage.  The  estimated  total 
project  cost  is  $691  million,  of  which  $238  million  has  been 
committed  in  signed  agreements.  Seventy-six  projects  (26%)  are 
located  in  the  eight  county  region  containing  the  Three  Rivers 
Watershed. 

The  data  in  this  table  are  restricted  to  (1)  new  projects 
located  in  the  watershed  itself,  and  (2)  projects  for  new  or 
additional  treatment  facilities.  Projects  for  interceptor  sewers 
only  are  not  included.  However,  combined  projects  (new  or  additional 
facilities  plus  new  interceptors)  are  included,  and  are  indicated 
by  an  asterisk.  Projects  in  one  of  the  eight  counties,  but  in 
another  watershed,  are  not  included. 

In  summary,  the  table  reports  on  43  projects,  with  an  estimated 
cost  of  $161,339,674.  They  are  administered  by  seventeen  munici- 
palities and  five  counties.  The  county  projects  serve  12  separate 
areas.  These  43  projects  comprise  23%  of  the  total  OWDA  state-wide 
estimated  project  cost,  and  27%  of  the  OWDA. 

In  the  third  section  of  the  table,  the  figures  in  parentheses 
are  the  project  funds  under  signed  agreements.  The  other  figures 
are  estimated  project  costs. 
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TABLE  28  CONSTRUCTION  COMPLETED 


Cuyahoga  County 

1.  Berea  (6/70)  $621,955 

2.  Solon  (1/72)  961,080 

Medina  County 

*1 . Co"^  Comm.  (Brunswick  area) 

(11/71)  $3,508,500 

TOTAL 


$ 1,583,035 


3,508,500 


TABLE  29  UNDER  CONSTRUCTION  (SINCE  11/69) 


Cuyahoga  County  $14,393,899 

1 Cleveland  (88%  complete)  $8,852,970 
*2.  North  Olmsted 


(61%  complete) 

5,540,929 

Lake  County 

1.  Coo  Comm  (Willoughby- 

Mentor)  (44%  complete) 

349,497 

349,947 

Portage  County 
"1.  Co,  Comm.  (S.D,  #2-Twin 
Lakes)  (99%  complete) 

993,592 

993,592 

Stark  County 

1.  Hartville  (11%  complete) 

850,949 

850,949 

Summit  County 

1.  Akron  (^9%  complete) 

2.  Co.  Comm  (N„E.  S.D.) 

(99%  complete) 

4,662,550 

1,489,796 

6,152,346 

TOTAL 


$ 5,091,535 


I 


$22,740,283 


i 


i 
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TABLE  30  APPLICATIONS  RECEIVED  (Proposed/Under  Construction) 
Cuyahoga  County  $ 85,770,952  ($16,691,304 


Cuyahoga  County 

TT  Bedford  1,406,900 

2.  Chagrin  Falls  1,931,000 

3.  Cleveland  (5)  64,595,952 

4.  Euclid  10,000,000 

*5.  North  Olmsted  4,077,000 

6.  Strongsville (2)  3,760,100 

Geauga  County 

1 . Burton  253,692 

*2.  Co.  Comm.  (S.  1,338,000 

Russell  Area) 

*3.  Co.  Comm.  1,932,000 

(Bainbridge 
Township ) 

*4.  Co.  Comm.  (Chardon  $ 
Township) 

*5.  Co.  Comm.  (Chester 
S.D.  #1) 

6 . Chardon 

Lake  County 


(0) 

(2,297,405) 

(8,852,970) 

(0) 

(5,540,929) 

(0) 


4,934,692  ( 


780,000) 


160,000  (0) 

501.000  (0) 

750.000  (780,000) 


0.  Comm.  (Willoughby-  7,321,920  (5,065,597) 

Mentor)  (2) 


$ 11,836,920  ($  9,915,597 


2.  Willoughby 

3.  Willoughby-Eastlake 


430,000  (0) 

4,085,000  (4,850,000) 


Portage  County 

1 . Aurora  (i^ncluding  10,756,152  (0) 

interceptors) 

*2.  Co.  Comm.  (Kent  970,000  (0) 

Reg.  S.D.) 

*3.  Co.  Comm.  (Ravenna  995,000  (0) 

Reg.  S.D.) 

*4.  Co.  Comm.  (Twin  Lakes  2,795,700 
Area) 

5.  Ravenna  1,882,000 


17,398,852  ( 1,172,192 


(993,592) 


1,882,000  (1,786,000) 


784,325 


Stark  County 
1.  Hartville 

Summit  County 


1.  Akron  4,359,886 

*2.  Co.  Comm.  (Fish  Cr.)  3,812,534 

*3.  Co.  Comm.  (Macedonia)  1,815,635 

*4.  Co.  Comm.  (N.E.S.D.)  1,260,000 

5.  Northfield  497,500 

6.  Twinsburg  1,036,560 

TOTAL 

GRAND  TOTALS  FOR  43  PROJECTS 


784,325  ( 

(850,949) 


850,949 


12,782,115  ( 6,152,34(  i 

(4,662,550) 

(0) 

(0) 

(1,489,796) 

(0) 

(0) 

$133,507,856  ($35,562,388) 
$161,339,674  (Project  Cost) 


63,394,206  (Funds  Committed) 
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6 , Economi  c _£l\a  ILL LL..^'  ‘L' 

The  Three  Rivets  watei'-bed  area  int  ludes  portions  of  the  fol- 
lowing count  le'^;  ^'uyahoga,  Gcauga,  lake,  Lotain,  Medina,  Portage, 
Stark,  and  Summit  Since  data  aie  generally  not  available  specif- 
ically for  the  watershed  area,  the  de'-c  r i pt  i ons  presented  below 
relate  to  the  entire  area  encomp.V' sed  by  thc'^e  counties.  Rather 
detailed  information  is  availal'le  on  a numbei  of  economic  char- 
acteristics 


a.  Population  and  Employment 

In  1970  the  wator'-hed  area  (l\A)  housed  approximately  three  and 
one-half  million  pci-ons  Fifty  percent  of  the  WA  population  was 
located  in  Cuyahoga  County  with  an  additional  thirty  percent 
situated  in  Summit  and  Stark  Counties  Recent  years  have  witnessed 
a slow  but  significant  change  in  the  distribution  of  population 
within  the  area  Between  19o6  and  1970  Cuvahoga  County  registered 
a two  percent  los*^  in  population  (35,000  persons').  Summit  County 
experienced  a slight  lo'-'-  f So  or  2,000  persons)  during  this  period 
The  remaining  ^ix  count  lO"-  all  -howod  population  gains  with  Portage 
leading  the  wav  in  both  absolute  and  relative  terms  (19%  and  20,000 
persons)  The  impulation  of  t lie  cn'irc  WA  grew  less  than  one  per- 


j 
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cent  (26,000  pcr''on')  !hr  .irri  tOn'-  exhibited  a slower  rate  of 
growth  than  cithei  the  natir.n  ( I " " ) ot  the  State  of  Ohio  (1  7|) 

I'omparable  emploviTieni  d.it  i ic  unavailable  for  both  Ihop 
and  19^0  Mic  cinplovment  l\guM  - tor  1969  and  1971  give  the 
same  general  iinpie'-'ion  a^^  did  the  population  data  but  thcic  are 
some  significant  dilferr-nce^  ruvahoga  County's  share  of  WA  employ 
ment  in  l‘^7i  (S-'ii  w,-,  gieiier  than  it-  hare  of  KA  population  in 
19  70  i50?i)  lur  rlie  two  veat  per'od,  a relatively  rapid  decline 
in  emplovmt  II  t Meturred  in  both  'uvahoga  ( 2 7%1  and  Summit  [2  ll) 
In  addition,  mallei  de>.line'  appeared  mi  'oiain  (-0  7%)  and  Stark 
( 0 04  ^1  ih  1 ^ ,1 1 lei'-r  p.i(ti<iilv  a re'-ult  >f  ri'^ing  unemploy 

ment  rate-  wbi^h  vr  i n be  de-cribed  below 

b. 

I'he  rel.iT'vt  po-it'<n'  of  rhr  count  m>-  vcith  te^pect  to  total 
income  will,  oi  ui  e . i.ithci  losrlv  retlCct  their  employment 
position‘d  I’e  I c.'pita  n me  tiguK-,  however,  do  convey  different 
and  u'-eful  i ii  i c r .n  t . n In  1 '*  i>  pc  i i,..pM  i otfc.tive  buying  income 
(EBI)  in  thf>  K'A  langed  I i om  in  Cuv.ihoga  to  $292  7 in  Medina. 

I'he  I BI  111  ‘ iivabog  I w.j  ii,  1 1 k •.  d i v h r gho  i th.iti  the  liBl  in  the  next 
most  pro''peroi.  i i uii  t v (Summ.  • i li  i‘>'  Ihc  national  figuie 

for  per  Cdpita  IBI  in  19'0  via"  S.r.M's  ,iud  t Be  corresponding  state 
figure  wa‘-  $5v>A  c.ounti('  mi  ,.ddi’’on  to  ''uv.ihoga  and  Summit, 

had  EBI'''  grfat<t  i in  the  nafiviiil  oui  t ite  iverago'd’  l.ake 
($3486)  and  <’,e-aue<  i li>  grnei  n t be  U'A  appeal^  relatively 

prosperou''  althougi  imp'  oi  ’t-  mill'  i v.oimtM  '-  do  have  incomes 
slightly  below  the  nai'  Mial  and  ijtc-  .<vci.ig''  An  of  these 


figures  should  be  interpreTed  with  care,  particularly  with  respect 
to  intercounrv  differences  within  the  WA  There  are  undoubtedly 
significant  piito  1 ev'^e  1 ditteienrc-  between  counties  that  have 
not  been  taken  intc  account  in  the  e'timation  of  the  EBI's 

Between  196(S  ^nd  all  ol  tlu-  WA  counties  exhibited 

signilicant  int^ica^-e^  n pit  ..apit.i  I'B!  I'he^-e  increases  ranged 
from  32  "s  in  '^'uvahoga  and  2 2 in  Mt  d s n a The  remaining  six  counties 

showed  gain''  of  hf^tween  ’s  mJ  2d  3^  The~e  gams,  however,  are 
not  as  impte^-sive  when  cm-wp^]  m the  light  of  the  19  i%  increase 
in  the  ton-umei  i"  u >'  nJex  dui.ng  ilii~  period  Only  one -third  of 
the  gain'  rcgi'teicd  ^'v  ^'nvah  <c a represent  increases  in  real  income 
and  Medina  'h^.w-  ^erv  'mail  gam'  m real  teim*'  Furthermore,  the 
WA  m general  'hewed  'mailer  inctca'e''  m FBI  than  either  the  nation 
(30  \%)  or  the  ?tate  (2'>  '%! 

c.  Retail  Sa  1 (" 

Once  again,  the  aggr'gate  nguit"  on  retail  sales  (RS)  closely 
reflect  the  ,igg'CgiT'  tm'ire*-  'ii  i'piimj  1 ^ ' mn  The  per  capita  figures 
are  con'iderabiv  d' lit  rent  I’e  > (aii:ta  RS  tanged,  m 1970  , from 
$2079  in  lake  tn  $ils"  n <u  jnga  iummit  t$1584)  and  Cuyahoga 
($15'^31  ranked  I’lth  and  '>>rh  r«  'peciwely  In  addition  to  Lake, 
only  Stark  (Sissji  arul  1 a i a : n i$i’96i  were  above  the  State  of  Ohio 
($1  748  ) and  n..i»!.m,il  i$i  '(.'>  ) ..vtrjgc' 

The  growth  i n p<  ■ lapii.i  t'»ail  'ilC'  from  1966-1970  was 
particularlv  ' l('.w  ,n  ''iimmir  ,0  I9t)  md  Ouvahoga  (6  76|)  This 
compares  quite  un  i a v.;  i ih  ; \ ip  ihp  -laic  iiu.  lea'^e  of  15  2%  and  the 
national  im  r'l'*  >>  i IS  i-  IV  r ^,<pita  RS  in  the  remaining  six 
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countie'^'  of  the  water -hed,  how(Mer.  increased  faster  than  the  state 
or  national  uvetage'-  1 1 h the  g<r>n'  ranging  from  18  5%  in  Portage  to 
56  3 o in  Lake  'he-e  tignre'-  ‘•eem  to  corroborate  the  changing  lo- 
cation e L onom  1 1 1 1 t > i t c in  t ''e  iv  i"  r . ' hed 

d.  Une mp  1 o vmPii  t 

In  1 ^ 1 , th(>  uni  nip  I ovMienr  rati  in  i hr-  K\  \-aried  from  6 7%  in 
Lorain  to  3 ^ - in  ■>ii"'ii  i in  idditioii  to  Summit,  two  counties, 
Medina  (4  ('3")  and  '’i.:'-  iLoga  ( 4 3 3 ’s  1 li  id  1 1.  1 itivelv  low  unemployment 
rates  The  i c m.i  i n i n t,  i n-  i • ici  t t - hid  • 'ti'  hpivvoen  5 and  6 per- 
cent rompaicihlp  iigu'f  cim  nn,.'  n i t a T e and  national 

basi-^  These  ftgiuc',  hustvi-,  i <,■  net  t , u'-etul  since  they  mask 
important  inter  ai<  i ' t iti  'O'-  iii-rnnct  , it  is  well  known 

that  the  unemp  1 o\ im.  n t i itr  - in  lertain  p'Mtion''  of  central  city 
Cleveland  are  ce  s v high  Ihi-  i.ieul'''  i-  not  re  fleeted  in  the 

figure  given  lo;  I'u^  tht'g,,  ('■pum  ■■ 

'he  unemp  1 ov  in(' ri  I i a 1 1 '■  iruici'-»d  'iii'Todlv  in  e.rch  county  from 
1969  to  1971  ')u'  pc-  , ii  ira  in,  -i  - i n gi'd  from  '1  in  Summit  to 

157  in  Geauga  'Hu  tigures  are  ditiii.oit  to  evaluate  in  the 
absence  of  a frame  of  letcrenie,  hp-  tl'i  \ .ippeai  to  show  a high 
degree  of  cyclical  v u I ne  r ab  i i , ' in  the  iv.itr'rslied  -'rea  The  general 
picture  that  to  emerge  irm  ri’r-r'  data  i - one  of  a relatively 

prospi^V%us  region  that  has  hoen  i.  '-ing  ground  in  rei.ent  years, 

e . Emp  l_py me n t B\  1 ndu*- 1 1 v 
( 1 ) - ' g r 1 (.  u 1 ' u 1 1 

For  the  ccmpli'ie  'btee  t \ r t iv,,  i e ; 'Fed  ..tea,  <igr  i ( ul  tural 
employment  dr.ipped  liom  1 73  in  I'U'i'  t-  ''  '' '3  'ii  19’0  During  this 


TABLE  31  Population  (1,000)  for  Counties  in  the  Three  Rivers  Watershed 
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TABLE  34  Retail  Sales  (1,000)  for  Counties  in  the  Three  Rivers  Watershed 
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Table  37  Industrial  Composition  of  the  Three  Rivers  Watershed  Area;  1970  (Con't) 
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period,  Medina,  Geauga,  and  Portage  counties  maintained  agricultural 
work  forces  well  above  the  watPi'hed  average,  with  Cuyahoga  the 
lowest  ranking  countv  in  agricultural  employment  Even  for  those 
counties  with  abov.e  average  agricultural  employment,  however,  a 
significant  decrease  occurred  from  i960  1970,  with  Medina  dropping 
from  7.1%  to  3 5%,  Geauga  from  6 4%  to  5 5%,  and  Portage  from  5 0% 
to  2 1 % 

(2)  Manufacturing 

The  manufacturing  sector  dropped  from  an  emp  loymctit  rate  of 
41  2%  of  the  total  watershed  area  work  lorce  in  i960  to  37  4%  in 
1970  o Durable  goods  i^excluding  "(urniture  and  lumber  and  Wood 
Products"!  maintain  the  bulk  of  employment  in  manufacturing  industries 
having  66%  of  manufacturing  sector  emploVT.ent  in  1960  rising  to  69% 
in  1970  This  increase  during  the  det.ario,  however,  a ggregat  i \ f ly 
masks  significant  changes  witbin  the  durable  good  industries 
Substantial  decrease;  occuned  m "Metal  Industries"  and  "Motor 
Vehicles  and  Motor  Vehicle  and  Iranspurt  at -.on  Equipment,"  while 
19  70  employment  nearly  doublril  for  tbe  "Other  Durable  Goods"  Indus 
tries  Jhese  trends  appear  to  indicate  a more  diver'^ified  durable 
goods  manufacturing  mix  within  tbe  ^hree  Piv^ers  Watershed  area 

On  an  individual  countv  basis,  Lake  ranks  highest  with  48  5% 
of  its  work  force  emploved  in  manufac tur ing  industries  in  1960, 
dropping  to  the  I'l  •’0  watershed  area  high  of  46  9%  in  1970  While 
Geauga  ranked  lowest  in  1960  with  3a  f'uvahoga  holds  the  1970 
low  with  33  8%  Lorain,  Stark  and  Summit  are  dose  m relatively 
high  area  ranking  to  lake,  alth'ugh  Surmnit  cKperienced  a somewhat 
substantial  drop  f ’'oni  44,'%  in  iPf^n  to  .s6  0%  m 19' 


Employment  in  "Mai'Emerv  fXv(pT  Electrical"  in  Staik  and  the 
"Motor  Vehicle  and  Motor  Vehicle  S ' i an'-portat  ion  Equipment,"  industry 
in  Lorain  plU'  the  "Metal  [ndu- r ’ ; r - " in  both  counties  account  for 
over  50’?  of  thcii  vork  fo'ce^-  cmpir'ved  m manufacturing  throughout 
the  period  i960  19'0 

Lake  County  had  approx^  mate  1 v iS’-  of  its  manufacturing  work 
force  employed  rn  rhp  "f'hem'vai  ^ Allied  Products"  industry  and  in 
the  "Machinery  except  Lie c t r : . i 1 " production  in  1960  However,  a 
shift  occuired  during  the  de  ade , with  l97p  figures  evidencing  a 
sharp  decrease  in  the  chemical  rndu=-iiv  *:'3lanced  by  a substantial 
increase  in  employment  .n  "Metal  ’ndu-tries  " 

In  Summit  County,  ver  50%  of  the  county's  manufacturing  work 
force  (or  23  9’  of  the  entire  county'-  employment)  were  in  those 
industries  included  in  the  ,;ategnrv  ''Other  Non  durable  Goods"  in 
1960  A 5%  drop  in  the  county*  = d^-crease  in  manufacturing  from 
44  7%  to  59  6%  in  19 70 

"Vither  Non  durable  Goed-"  i?a-  also  the  dominating  category  in 
Portage  in  i960  i,  1 n of  total  couniv  employment),  with  other 
important  manufacturing  ;ndu-t'’.p-  being  "Motor  Vehicles  and 
Motor  Vehicle  bqui{'ment"  3-)  und  "Machinery  encept  Electrical" 

(5  5%1  While  the  "Other  N n durahre  Good''"  industries  showed  a 
slight  gain  in  19-0,  Portuge  ' mnnutac t ur ing  employment  substantially 
declined  in  "Motor  Vehicle'"  wrh  ,,p  increa'e  :n  "Metal  Industries  " 
Geauga  was  the  only  v>.atei‘-hpd  aif  a county  to  •show  an  employment 
gam  in  manui  ac  f ur  i ng  ; ndu-t-  from  i960  19  7Q  (a  rise  from  38  O' 
to  38  9 %)  Increa'-e'=  were  grne  rally  evenly  di'trihuted  throughout 
the  manufacturing  <^itor.  with  dommat-pg  rmr:-?ymeut  in  "Other 
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Non  Durable  Good‘s"  and  "Machinerv  except  Electrical,''  together 
compri'^ing  a total  manutac  tur  mg  employment  rate  of  37%  in  1960 
and  38%  in  19’0 

Significant  manufacturing  employment  in  Medina  County  is  in 
"Metal  Indu'^trie-  " "Motor  Vehicle  and  Motor  Vehicle  § Transportation 
Equipment,"  and  "Other  Non  durable  Good?-  " The  county's  total 
manufacturing  work  torce  ^lightlv  declined  during  the  decade,  with 
a generallv  even  distribution  among  the  sector  The  one  exception 
to  the  general  decrea-e  was  the  approximate  doubling  of  Medina's 
employment  in  the  "Macbinerv  except  Electrical"  industry  during 
the  1960  to  period  (rrom  2 6%  tc  5 1%) 

The  i960  disrnhui 'on  of  manufacturing  employment  in  Cuyahoga 
County  was  very  similar  to  that  found  in  the  entire  watershed  area. 
This  IS  due  in  large  part  to  the  dominant  size  of  Cuyahoga  County. 
However,  in  compari'ons  of  1970  manufacturing  employment  figures, 
Cuyahoga  experienced  the  -harpest  ove rail  decline  in  the  manufacturing 
sector,  with  a drop  from  38  t%  to  33  8%  fhis  appears  to  reflect 
the  trend  of  industrial  decentralization  away  from  Cuyahoga's  dense 
population  concentrated  in  the  Cleveland  area 

(3)  Other  Non  Manufacturing  Industries 
Emplovment  m mining  i-  negligible  in  the  watershed  area, 
accounting  for  onlv  0 ?%  of  the  labor  torce  employment  in  both 
1960  and  19t0 

Construction  dropped  slightlv  from  4 4%  of  the  total  water- 
shed area's  emplovment  in  1960  to  4 2%  in  19t0  Geauga  ranks 
highest  with  an  8 i960  con'^  t ruct  ion  emplovment  rate,  falling 


to  7-.4I  in  1970  c Medina  showed  a gam  from  5 6^  to  6 3t  in 
construction  labor  during  the  decade,  with  the  other  counties 
approximating  the  watershed  average 

In  the  total  watershed  area,  3 of  the  labor  force  were 
employed  in  go/ernment  educational  servnees  in  1960  , rising  to 
4 5%  in  1970  Of  .ndividual  counties.  Portage  was  highest 
in  i960  with  8 , and  again  m 19^0  with  an  in,  rcase  to  12  3% 

Cuyahoga's  i960  aiea  lew  of  2 . 4 showed  a gam  of  4 0%  m 19‘’0. 

The  remaining  industries  axe  distributed  rather  evenly  through 
out  the  watershed  area 

£.  Lake  Erie  Fishing  Industiv 
The  fishing  mdust^'V  m Lake  Erie  i one  that  has  most  obvi 
ously  been  affected  bv  the  growing  pollufcn  loads  contributed  by 
the  entire  watershed  The  changes  are  best  indicated  by  a brief 
history=  Since  1920,  the  combined  US.  and  Canadian  catch  has 
averaged  approximately  50  million  pounds  annually  Prior  to 
1954,  UeSe  fishermen  landed  more  pounds  annually  than  Canadian 
fishermen,  but  the  present  U 5.  catch  is  less  than  20%  of  the  totctl 
catch . 

Although  the  total  number  of  pounds  has  been  relatively  const. in 
the  value  of  the  catch  has  been  steadily  declining.  The  decline 
in  value  reflects  the  changing  composition  of  the  catch:  fewer 

high-value  and  more  low  value  fish  are  now  being  taken  Before 
1913,  the  sturgeon,  cisco,  whitefi«^h,  and  northern  pike  yields  did 
not  vary  s i gn i f i cant  1 v Bv  the  1920*'  the  population  of  sturgeon 
and  northern  pike  wpfp  virtuailv  depleted  Cisco  and  whitefish 
thus  became  mcrca'-’ngiv  :mpctt«ni  Bv  195  5 , the  cisco  were 
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commercially  extinct,  whitefish  landing  abruptly  decreased  in  1955 
and  has  now  been  virtually  eliminated  The  high  valued  blue  pike, 
which  were  second  ;n  abundance  in  1920,  dropped  from  ovei  10  million 
pounds  in  195’  to  h'-s  th^n  two  million  pounds  in  1958  The  blue 
pike  IS  pre-entlv  on  the  national  endangered  species  list  Saugers, 

which  were  fourth  in  abundance  in  1920.  began  to  decline  in  1945-- 

and  are  noi'  nc-Mlv  extinct  in  lake  b’lie  'be  walleve,  the  last 
abundant  b i gl'  valued  ii'^b,  b,i'  been  in  -eTious  decline  since  1956 

The  heated  di*^!  barges  from  the  increasing  number  of  power 
plants  on  Lake  Ei  'c  mav  liave  vc-rv  damaging  effects  on  fishing 
and  the  a-'or-ated  lUuatii.  re-oiirca  - harm  w.,tcr  tempeiatuies  and 
high  nutiient  level'-  h,n(  ;ed  lu  i lomendou'^  algae  blooms  The  algae 
eventiiallv  have  v.iU't.d  ^'’de'pi‘-ad  -wgi'n  d‘=plefion  in  the  bottom 
water^  of  ll>'  "'-irin  and  ceni-.il  '' i - i n - during  periods  of  summet 
tiiermal  ' t rat  i n v a i i 'n  n.  ? - hy-  ip-uJtid  in  the  dr  struct  ion  of 

manv  oTgani'-m-  wW  ■ h .-.re  vital  in  thidiet'  oi  lake  trie  fish  The 

ri«ing  v.’aiei  r enipt  r at  u re  is  al^o  di'iuptmg  the  ^pawning  and  incu 
bation  periods  ol  the  valuable  walleye 

Among  tbc  many  pollutants  discharged  into  lake  Erie,  pesticide 
levels  are  moderately  low  and  under  the  safety  level,  but  mercury 
levels  are  dangerously  high 

In  1969  research  on  the  walleye  spawning  season  was  conducted 
The  results  of  this  research  suggest  that  the  smothering  effect  of 
sedimentation  on  fish  eggs  and  other  bottom  organisms  may  be  a 
major  factor  in  the  di'cline  of  the  moie  valuable  fish  stocks  in 
Lake  Lrie  About  15  million  ton'-  of  '■ediment  are  carried  into  Lake 
Erie  annually  and  jt  le.r'-t  a'-  much  i eroded  off  the  shoreline  each 
year 
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Ohio,  Pennsylvania,  and  New  York  have  annually  been  releasing 
coho  salmon  into  their  state  tributary  waters.  Except  for  reportedly 
good  growth  and  survival,  little  is  known  about  their  impact  on 
the  other  valuable  commercial  and  sport  fish.  The  coho  salmon 
are  for  sportsmen  only,  and  commercial  landings  are  presently 
prohibited  in  Lake  Erie.  To  the  best  of  our  knowledge,  there  are 
no  published  data  of  the  fish  catches  in  the  Three  Rivers  Water- 
shed  area. 
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VI.  lVALUATIUN  of  EiWIROil'iEilTAL  IMPACTS  OF  LATD-BASED  A.ND 
WATER-BASED  ADVANCED  WASTEWATER  TREATMENT  TECHNOLOGIES 


A.  liNiTAOuUCTU).: 

Interaction  between  desip,ncrs,  evaluators,  and  Corps  personnel 
])roduced  twelve  alternative  plans  for  wastewater  treatment  witiiin 
tiie  target  area.  Two  general  evaluation  needs  emerged  over  time, 
first,  it  was  o!)vious  tiiat  environmental  impact  would  be  a function 
of  tile  choice  of  treatment  technology.  At  tlie  most  general  level 
this  was  a i:iatter  of  water  discliarge  of  effluent  versus  land  dis- 
caarge.  Second,  we  recognized  tliat  each  alternative  plan  consisted 
of  a different  mix  of  certain  basic  system  components.  Eacli  compo- 
nent in  a wastewater  treatment  system  has  an  impact  of  its  own  and 
can  be  evaluated  in  its  own  rigiit.  .\wareness  of  this  fact  plus  an 
understanding  of  t!ic  components  can  aid  regional  planners  in  tailor- 
ing a system  to  meet  local  needs.  It  t)ecomes  particularly  useful 
in  adapting  existing,  facilities  to  new  treatment  possibilities. 

five  major  systems  components  were  identified  and  evaluateil; 
wastewater  sources  , wastewater  collectioii , wastewater  treatment , 
treatment  res  iduals , and  residue  d i snosal . it  is  important  to 

bo  aware  of  tiie  implications  of  differences  in  tliese  components 
upon  tiie  overall  wastewater  management  system. 

In  this  section  of  our  report  w'e  present  an  extended  discussion 
of  t!io  ecological  impact  of  land  discharge  and  treatment  of  secon- 
dary effluent  versus  bioloj’, ical - cliomical -pliys ical  treatment  witli 
water  discliarge,  and,  in  addition,  our  evaluation  of  the  systems' 
components.  Jur  presentation  of  these  general  factors  is  intended 


to  ^ivc  tliC  reader  an  appreciation  for  the  relative  merits/demerits 
of  tiic..e  partioalar  appruaclics  to  wastewater  management  before  he 
tackles  tiic  iniiividual  plan  evaluations. 


1 

I 


k.  LCOLOGICaL  J\AI>  OTHliii  iiNVIRON.IHNTAL  CONSIDEilATIONS 
1 . I nt  reduction 

Protection  and  enhancement  of  ecosystem  characteristics  related 
to  Man's  ability  to  exist  as  a biological  species  is  of  fundamental 
importance  in  projects  of  this  type,  with  their  potential  for  mas- 
sive intervention  in  nature.  Recognizing  this  absolute  fact,  we 
present  the  following  evaluation  of  the  relative  impact  of  land- 
and  water- treatment  technologies. 

In  view  of  the  attributes  that  cnaracterize  nature,  stable, 
and  "healthy"  ecosystems,  the  following  guidelines  were  used  to  aid 
in  tne  selection  of  wastewater  alternatives.  Tliose  management 
alternatives  tiiat  (1)  exhibit  the  greatest  reliability  and  flexi- 
bility; (2)  nave  fiie  greatest  potential  for  reuse  of  solid  and 
liquid  residuals;  (3)  liave  the  least  detrimental  impact  on  in-basin 
and  out-basin  ecosystems;  and  (4)  promote  stabilization  and  rehabi- 
litation of  disturbed  ecosystems  are  given  tiie  highest  priority. 

In  addition  to  those  general  guidelines,  questions  relating 
to  possible  ecological  impacts  of  wastewater  alternatives  were 
developed.  A magnitude  value  of  3 is  assigned  to  the  wastewater 
treatment  alternative  that  creates  the  most  desirable  effect;  a 
value  of  1 or  2 iias  been  assigned  to  alternatives  that  cause 
i'itc medial  e effects;  and  a value  of  0 is  assigned  to  alternatives 
tliat  cause  tlic  most  undesirable  ecological  impact  or  tliat  contribute 
least  to  correcting  an  existing  environmental  problem. 
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An  importance  value  also  has  been  assigned  to  each  question 
relating  to  possible  ecological  impact.  A value  of  10  has  been 
assigned  to  the  most  important  ecological  factors;  a value  of 
5 assigned  to  factors  of  intermediate  importance;  and  a value 
of  1 assigned  to  the  least  important  factors. 

For  convenience  in  discussing  the  ecological  impact  of  each 
wastewater  management  alternative,  the  following  regions  or  ecosys- 
tems have  been  delineated: 

a.  Streams  and  rivers  within  the  Three  Rivers  Watershed. 

b.  Streams  and  rivers  within  the  proposed  land  treatment 
areas  of  North-Central  Ohio. 

c.  Land  treatment  sites  within  the  Three  Rivers  Watershed. 

d.  Land  treatment  sites  in  North-Central  Ohio. 

e.  Stripmined  areas  of  Southeastern  Ohio. 

f.  Lake  Erie. 

The  impact  of  each  alternative  technology  is  discussed  in 
terms  of  effects  on  biological  energetics,  the  structure  of  bio- 
logical communities,  nutrient  cycling,  life  histories  and  growth 
patterns  of  organisms,  and  overall  homeostatic  control  mechanisms 
for  each  of  the  ecosystems  listed  above. 

In  general,  changes  in  wastewater  treatment  would  have  the 
following  effects.  Streams  and  rivers  within  the  Three  Rivers  Water- 
shed would  be  affected  by  changes  in  hydrology,  removal  of  domestic 
and  industrial  wastes  and  cliannel  modifications.  Waterways  with- 
in land  treatment  areas  of  North  Central  Ohio  would  bo  affected  by 
increased  discharge,  change  in  chemical  composition,  and  channel 
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modifications.  The  magnitude  of  these  effects  would  vary  from 
plan  to  plan. 

Land  treatment  sites  within  the  Three  Rivers  Watershed  and 
sites  in  North  Central  Ohio  are  primarily  agricultural  lands. 

Changes  in  agricultural  patterns  and  farm  management  practices 
would  be  required  under  certain  wastevater  treatment  alternatives. 
Soil  texture,  structure,  fertility,  and  biota  also  would  be  affect- 
ed. Stripmined  areas  in  Southeastern  Ohio  would  require  spec- 
ialized land  management  practices  under  some  plans. 

Lake  Erie  would  be  affected  by  changes  in  the  chemical  com- 
position of  the  tributary  water.  This  would  include  reduction  in 
the  quantity  of  plant  nutrient  such  as  phosphates  and  nitrates 
entering  the  lake.  Some  elements  such  as  sodium  and  chlorides 
might  increase.  The  quantity  of  sediments  entering  the  lake  also 
would  vary  depending  upon  the  wastewater  treatment  plan  adopted. 

The  total  quantity  of  water  entering  Lake  Erie  would  remain  relative- 
ly unchanged  regardless  of  the  plan  adopted,  but  the  quantity  of 
water  entering  particular  points  along  the  lake  shore  would  be 
changed  in  some  cases. 

2 . Ecological  and  Other  Environmental  Factors 
a . Energetics 

( 1)  Which  technology  consumes  the  least  amount  of 
irreplaceable  natural  resources  such  as  fuels, 
chemical  coagulants,  electrolytes,  and  organic 
compounds? 

Water  Based  Wastewater  Treatment  (WBWT)  alternatives  require 
quantities  of  irreplaceable  natural  resources  in  the  form  of  coal 
(electricity),  steel,  concrete,  alum,  lime,  polymer,  salt,  and  car- 
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bon  to  remove  residuals  from  wastewater.  All  technologies  require 

structural  materials  for  pipelines,  pumping  stations,  and  waste 

treatment  facilities.  The  environmental  impact  on  ecosystems  that 

supply  these  natural  resources  may  exceed  the  impact  of  untreated 

wastewater  in  the  Three  Rivers  Watershed. 

NOTE;  In  recent  testimony  before  the  House  Committee  on 
Public  Works,  Dr.  Joseph  T.  Ling,  Director  of  Environ- 
mental Engineering  and  Pollution  Control  Department  of 
Minnesota  Mining  and  Manufacturing  Company  (3M  Co.) 
presented  approximate  costs  in  terms  of  natural  resources 
required  to  achieve  complete  removal  of  the  annual 
quantity  of  wastes  from  a typical  3M  plant  (Ling,  1972). 

To  obtain  water  of  drinking  water  quality.  Ling 
estimated  that  4000  tons  of  pollutants  must  be  removed 
annually.  The  removal  of  these  wastes  would  require 
9000  tons  of  chemicals,  1500  kilowatts  of  electricity, 
and  19,000  tons  of  coal  in  addition  to  the  steel,  con- 
crete, and  power  required  to  build  a suitable  treatment 
facility . 

The  treatment  process  would  generate  9,000  tons  of 
chemical  sludge  and  1200  tons  of  fly  ash,  all  of  which  ^ 

must  be  disposed  of  in  some  manner.  Production  of  the  i 

treatment  chemicals  would  require  15,000  tons  of  natural 

resources  and  generate  6,500  tons  of  sludge  wastes.  ^ 

The  generation  of  1500  kilowatts  of  electricity  would  ^ 

require  6000  tons  of  coal,  and  leave  470  tons  of  fly  ash  ^ 

and  100  million  BTlJ's  of  waste  heat.  i 

Ling  concludes  that  the  environmental  impact  of 
wastes  generated  in  obtaining  and  refining  natural 
resources  for  the  construction  and  operation  of  waste- 
water  treatment  facilities  may  greatly  exceed  the 
impact  of  the  untreated  wastewater. 

The  waste  removal  process  illustrated  by  Ling 
would  involve  methods  similar  to  those  proposed  for  J 

WBWT  plans.  Although  the  actual  costs  of  WBWT  facil- 
ities and  operations  in  the  Three  Rivers  Watershed 

will  vary  somewhat  from  the  costs  proposed  by  Ling,  i 

his  conclusion  that  current  methods  of  WBWT  would 
have  an  overall  negative  environmental  impact  appears 
valid. 

I 

The  maximum  Importance  Value  of  10  has  been  assigned  to  this 
parameter  because  of  the  undesirable  effects  of  continued  resource  i 


-233- 


I 

I 


i 


utilization  predicted  by  the  recent  Club  of  Rome  Project  on  the 

Predicament  of  Mankind  (Meadows  et.al.,  1972). 

NOTL:  This  study  has  been  widely  acknowledged  as  the 

most  compreliensive  and  reliable  effort  to  date  to 
model  growth  in  the  world  system.  Five  basic  factors, 
including  population,  capital,  food,  nonrenewable 
resources,  and  pollution  were  modeled  under  a variety 
of  possible  management  alternatives  for  the  world 
system.  A standard  world  model  was  run  that  assumed 
no  major  changes  in  the  physical,  economic,  or  soc- 
ial relationships  that  have  historically  governed 
the  development  of  the  world.  In  addition  to  the 
standard  world  model  individual  models  were  tested 
that  assumed  a doubling  of  natural  resource  re- 
serves, the  introduction  of  "unlimited"  nuclear  power, 
pollution  controls,  "perfect"  birth  control,  and  various 
combinations  of  possible  management  practices.  The 
results  of  all  of  these  models  indicate  an  alarmingly 
rapid  decline  in  nonrenewable  resources  despite  the 
introduction  of  individual  and  combinations  of  manage- 
ment procedures  into  the  models.  The  rate  of  decline 
varies  from  model  to  model,  but  in  all  cases  the  decline 
can  be  described  as  very  rapid  and  presents  mankind 
with  very  serious  problems. 

The  daily  consumption  of  chemicals  for  each  wastewater  manage- 
ment alternative  has  been  used  as  a criterion  for  rating  this  pa- 
rameter. 

Chemical  Consumption  Value 

(»/day  X 1000)  

0-200  3 

200-400  2 

400-600  1 

The  Land  Based  Wastewater  Treatment  (LBWT)  alternatives  and  combin- 
ation land  based  and  water  based  (combination  plans)  treatment 
alternatives  rate  highest  in  this  category.  Phys ical -chemical 
water  based  wastewater  treatment  facilities  consume  the  largest 
quantities  of  chemicals  and  have  been  given  the  lowest  possible 
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rating.  Biological  water  based  facilities  consume  moderate 
quantities  of  chemicals  and  usually  have  been  assigned  an  inter- 
mediate rating. 

( 2)  Which  plan  requires  the  least  electrical  power 
annually? 

Electrical  power  requirements  for  each  wastewater  alternative 
must  be  carefully  evaluated  from  the  ecological  viewpoint  as  well 
as  the  economic  point  of  view.  The  present  cost  of  electricity  for 
the  basin  does  not  adequately  reflect  the  environmental  costs  of 
electrical  power  production. 

In  the  Three  River  Watershed,  electrical  power  is  supplied 
from  fossil  fueled  steam  electric  power  stations.  This  method  of 
production  probably  will  continue  through  the  year  2020  before  signi- 
ficant quantities  of  electrical  energy  are  produced  for  the  water- 
shed by  other  means.  Environmental  costs  of  producing  electricity 
in  a steam  electric  power  station  include:  (1)  expending  an  irre- 
placeable natural  resource;  (2)  exposure  of  miners  to  "black  lung" 
respiratory  disease  in  underground  mines;  (.3)  sulfuric  acid  water 
pollution,  erosion,  and  destruction  of  terrestrial  ecosystems  in 
strip  mining;  (4)  runoff  pollution  from  coal  piles  in  storage; 

(5)  wasted  heat  to  air  through  the  stacks;  (6)  contamination  of  air 
with  sulfur  oxides,  nitrogen  oxides,  and  particulates;  (7)  ash, 
clinkers,  and  other  residue  from  the  combustion  process;  (8)  con- 
tamination of  cooling  water  with  biocides  used  for  slime  control; 

(9)  approximately  one  half  of  the  heat  produced  by  combustion  dis- 
sipated to  cooling  water;  (10)  heat  damage  to  aquatic  life  passing 
through  turbine  cooling  systems;  and  (11)  land  use  for  transmission 
lines  (Abrahamson,  1970). 
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Although  most  of  these  environmental  costs  will  be  incurred 
outside  of  the  Three  Rivers  Watershed,  compensatory  charges  must 
be  included  for  electrical  power  used  within  the  basin. 

A monetary  value  for  many  of  the  environmental  costs  listed 
above  is  difficult,  if  not  impossible,  to  establish.  Methods  for 
establishing  compensatory  charges  for  environmental  damage  remains 
one  of  the  most  formidable  problems  facing  pollution  abatement 
programs.  Despite  these  short-comings,  due  consideration  must  be 
accorded  to  the  environmental  costs  of  electrical  power  required 
for  each  wastewater  treatment  alternative. 

The  consumption  of  electrical  energy  is  such  an  important 
environmental  problem  that  the  maximum  Importance  Value  of  10  has 
been  assigned  to  this  parameter.  The  daily  consumption  of  elec- 
tricity for  each  wastewater  management  alternative  has  been  used 
as  a criterion  for  rating  the  ecological  impact. 


Electrical  Consumption  Value 

megawatts 

3000-4000  3 

4000-5000  2 

5000-6000  1 


The  WBWT  plans  and  combination  plans  that  emphasize  water 
based  treatment  consume  the  least  electricity.  These  plans  have 
been  assigned  the  highest  magnitude  values.  All  land  based  plans 
that  emphasize  land  based  treatment  consume  the  largest  quantities 
of  electricity  and  have  been  assigned  the  lowest  magnitude  values. 

( 3)  Which  technology  contributes  most  toward 
achieving  a P/R  = 1 ratio  for  impacted 
ecosystems  ? 


1 


C 4)  Which  techjiology  best  promotes  the  development 
of  complex,  weblike  food  chains? 

Production/ respi ration  ratios  of  unity  and  complex  weblike 
food  chains  are  most  characteristic  of  mature,  stable,  "protective- 
type"  ecosystems.  Heavily  managed  agricultural  ecosystems  and 
ecosystems  receiving  domestic  and  industrial  wastes  deviate  signi- 
ficantly from  P/R  = 1 ratios  and  are  characterized  by  short,  simple 
food  chains.  The  implication  of  questions  3 and  4 for  the  Three 
Rivers  Watershed  apply  mostly  to  aquatic  ecosystems  within  the 
basin  and  to  Lake  Erie.  These  ecosystems  should  be  maintained 
as  near  to  natural  conditions  as  possible.  Natural  species 
successional  patterns  should  be  encouraged  and  the  need  for  contin- 
ual outside  maintenance  should  be  minimized. 

Terrestrial  ecosystems  in  North  Central  Ohio  and  Southeast- 
ern Ohio  as  well  as  aquatic  ecosystems  in  North  Central  Ohio  will 
require  sustained  outside  maintenance.  In  the  case  of  agricultural 
ecosystems,  the  P/R  ratio  will  be  deliberately  maintained  greater 
than  unity  through  energy  supplements  in  the  form  of  labor,  and 
the  consumption  of  fuels,  pesticides,  and  herbicides.  Because  of 
this  requirement  for  outside  management,  terrestrial  ecosystems  in 
North  Central  Ohio,  Southeastern  Ohio,  and  aquatic  ecosystems  in 
North  Central  Ohio  have  not  been  included  in  the  evaluation  of 
environmental  impact  on  P/R  ratios  or  the  development  of  food  chains. 

The  quantity  of  phosphates  discharged  to  waterways  under  each 
wastewater  management  alternative  has  been  selected  as  the  best 
single  index  of  the  ecological  impact  on  P/R  ratios  and  food  chains  . 
Phosphates  discharged  to  waterways  usually  stimulate  the  growth  of 
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aquatic  plants  so  that  an  imbalance  between  production  and  respir- 
ation is  created.  These  imbalances  often  lead  to  violent  oscil- 
lations between  excessive  production  of  organic  matter  and  increased 
microbial  respiration  of  the  accumulated  organic  materials.  Over- 
production of  aquatic  plants  clogs  waterways,  increases  the  turbidity 
of  the  water,  and  creates  nuisance  odors  and  tastes.  Decomposition 
of  the  accumulated  materials  often  leads  to  oxygen  depletions  and 
to  undesirable  species  changes  in  aquatic  communities. 

An  Importance  Value  of  5 has  been  assigned  to  question  number 
3 and  a value  of  1 assigned  to  question  number  4.  Magnitude  Values 
have  been  assigned  according  to  the  following  criteria. 


Phosphate  Discharged  to  Waterways  Value 

Tons/Year 

0-100  3 

100-200  2 

200-300  1 


The  smallest  quantities  of  phosphates  are  discharged  to  water- 
ways under  all  LBWT  plans.  Combination  plans  with  emphasis  on  land 
treatment  discharge  moderate  quantities  of  phosphates  while  WBWT 
alternatives  release  the  largest  quantities  of  phosphates. 

C 5)  Which  technology  maximizes  the  return  of 
humic  materials  to  ecosystems  of  origin? 

From  the  ecological  viewpoint,  incineration  of  sludge  as  pro- 
posed in  some  plans  is  an  extremely  poor  alternative.  In  undis- 
turbed ecosystems,  compounds  similar  to  those  contained  in  organic 
sludges  are  stored  within  the  system  in  the  form  of  humus.  In 
terrestrial  ecosystems,  humic  compounds  help  build  soils  and  improve 
the  hydroscopic  capacity  of  soils.  They  also  provide  a suitable 
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substrata  for  rooted  vascular  plants  including  all  agricultural 
crops.  The  combination  of  humus,  wea*thered  bedrock,  and  soil  biota 
prevents  excessive  leaching  of  the  mineral  nutrients  from  the  soil. 
Mineral  cycles  are  thus  closed  and  the  nutrient  exchange  rate 
between  organisms  and  the  environment  is  slowed.  The  net  result 
is  a stable  system  that  is  well  protected  from  physical  disturbances. 

Sludge  resembles  natural  humic  compounds  in  many  respects . 

Sludge  contains  a high  percentage  of  organic  material,  increases  the 
soil  moisture  holding  capacity  and  the  total  nitrogen  content,  and 
it  improves  soil  aggregation.  It  is  particularly  effective  in 
restoring  soils  that  have  been  badly  eroded  or  stripped  of  organic 
matter. 

In  view  of  these  potentially  beneficial  properties  of  sludge, 
the  burning  of  this  material  is  particularly  inadvisable.  Consider- 
able acreage  within  the  watershed  as  well  as  thousands  of  acres  of 
stripmined  land  just  south  of  the  basin  would  benefit  immeasurably 
from  sludge  enrichment. 

Burning  of  sludge  not  only  destroys  a valuable  resource,  but 
additional  resources  are  required  to  achieve  complete  and  efficient 
combustion.  Incinerators  equipped  with  modern  pollution  control 
devices  will  be  required.  In  addition,  natural  gas  already  in  short 
supply  within  the  basin,  will  be  required  for  sludge  drying  and  com- 
bustion. The  consumption  of  an  irreplaceable  natural  resource  for 
the  destruction  of  a potentially  beneficial  product  is  particularly 
unwise  from  the  ecological  viewpoint. 
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An  Importance  Value  of  5 has  been  assigned  to  methods  employ- 
ed for  returning  humic  materials  to  the  ecosystem  of  origin.  Mag- 
nitude Values  have  been  assigned  on  the  following  basis: 

Value 

-Humic  materials  returned  to  origin 
(All  land-based  plans)  3 

-Combination  plans  without  inciner- 
ation 5 AWT  with  sludge  disposal  2 

-Humic  materials  sent  elsewhere 
(Combination  plans  with  inciner- 
ation) 1 

( 6)  Which  technology  requires  the  least  expendi- 
ture of  human  labor  and  fossil  fuels  (energy 
supplements)  to  maintain  stability  in  agri- 
cultural, aquatic,  and  terrestrial  ecosystems? 

Or  which  technology  supports  the  largest 
biomass  per  unit  of  energy  flow? 

Some  wastewater  management  alternatives  solve  waste  dispos- 
al problems  in  one  ecosystem,  but  create  problems  in  other  systems. 
For  example,  the  removal  of  domestic  and  industrial  wastes  from 
aquatic  ecosystems  within  the  Three  Rivers  Watershed  should  have 
beneficial  effects  on  these  areas.  But  the  disposal  of  these 
wastes  on  land  areas  will  require  elaborate  irrigation  equipment, 
storage  areas,  underdrains,  and  continual  management  of  the  dis- 
posal system.  From  the  ecosystem  viewpoint,  a large  amount  of 
supplemental  energy  will  be  required  to  maintain  stability  in  eco- 
systems receiving  wastes  from  other  regions. 

An  Importance  Value  of  10  has  been  assigned  to  this  parameter. 
Magnitude  Values  have  been  assigned  according  to  the  following 
criteria : 
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-Easily  maintained  ecosystems 
(AWT  alternatives) 


Value 


1 


3 

-Combination  plans  with  in-basin 
land  treatment  2 

-Ecosystems  unstable  and  maintain- 
ance  difficult  or  costly  (ALT 
plans  and  combination  plans  with 
land  treatment  in  North  Central/ 

Ohio)  1 


b . Community  Structure 

( 7)  Which  technology  maximizes  for  diversity  of 
aquatic  life  within  the  limits  imposed  by 
natural  substrates? 

( 8)  Which  technology  best  contributes  to  the 
development  of  stratification  and  highly 
organized  communities  of  plants  and  animals? 

( 9)  Which  technology  best  encourages  species 

with  narrow  ranges  of  tolerance  to  environ- 
mental factors? 

Questions  7,  8,  and  9,  apply  primarily  to  aquatic  ecosystems 
because  the  removal  of  present  waste  loads  from  these  systems  will 
allow  the  development  of  natural  biotic  communities.  Because  of 
the  need  for  special  management  practices  in  land  treatment  areas 
natural  communities  will  not  develop  in  most  terrestrial  ecosystems. 

An  Importance  Value  of  10  has  been  assigned  to  question  number 
7,  a value  of  1 to  question  number  8,  and  a value  1 to  question 
number  9.  Criteria  for  rating  the  Magnitude  Value  are  based  on 
the  level  of  waste  treatment  achieved  under  each  wastewater 
management  alternative.  Level  One  refers  to  the  State  of  Ohio 


effluent  quality  standards;  Level  Two  is  based  upon  the  national 


goal  of  the  elimination  of  the  discharge  of  pollutants  into  navi- 
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gable  waterways  and  relates  to  technical  goals  established  by  the 
Chief  of  Engineers,  Department  of  the  Army,  commensurate  with  that 
goal . 

The  effects  of  differences  between  the  two  standards  pro- 
bably will  be  most  noticeable  in  the  structure  of  aquatic  commun- 
ities. The  level  of  stormwater  treatment  is  considered  in  this 
rating  criterion  because  the  ecological  effects  of  stormwater  al- 
so will  be  most  apparent  in  parameters  of  community  structure. 

Value 

-Maximize  diversity  of  aquatic  life 
(Level  Two  effluent  standards  and 
Level  Two  stormwater  treatment)  3 

-Level  Two  effluent  standards  and 
secondary  treatment  of  stormwater  2 

-Minimize  diversity 
(Level  One  effluent  standards  and 
Level  One  stormwater  treatment)  1 

Natural  aquatic  communities  in  undisturbed  streams  usually 
contain  a great  variety  of  distinctive  kinds  of  organisms.  A typ- 
ical clean-water  aquatic  community  contains  (1)  a large  number  of 
species  (kinds  of  organisms)  represented  by  only  a few  individuals 
per  species,  and  (2)  a few  species  with  a large  number  of  indivi- 
duals per  species.  This  is  illustrated  in  Figure  4 where  the  num- 
ber of  species  is  plotted  against  the  number  of  individuals  per 
species.  Line  a shows  the  relationship  for  a normal,  healthy, 
clean-water  community.  The  hypothetical  effect  of  some  pollutant 
on  the  community  is  shown  in  line 

Species  arc  progressively  eliminated  as  the  environmental 
stress  increases.  Highly  sensitive  species  are  eliminated  first. 


-242- 


n 


I 

j followed  by  the  more  tolerant  varieties  until  all  species  are  el- 

i 

iminated  under  severely  toxic  conditions.  In  the  special  case  of 
organic  pollution  and  in  the  absence  of  toxic  substances,  certain 
tolerant  species  may  increase  dramatically  in  abundance  as  their  less 
tolerant  predators  and  competitors  are  eliminated. 

In  the  Three  Rivers  Watershed  overflow  from  combined  sewers 
and  stormwater  runoff  will  not  completely  destroy  aquatic  communities 
but  rather  may  eliminate  many  pollution-sensitive  species.  Per- 
haps 50-75  percent  of  the  invertebrate  species  may  be  eliminated 
j immediately  below  WBWT  facilities.  The  relationship  between  the 

! number  of  species  and  the  number  of  individuals  per  species  would 

probably  resemble  line  b in  the  graph  rather  than  line  a. 

i (a)  Effects  of  Effluent  Quality  on  Aquatic  Life 

in  the  Three  Rivers  Watershed 

Aquatic  ecosystems  in  the  Rocky,  Cuyahoga,  and  Chagrin  Ri- 
! vers  should  improve  considerably  with  the  proposed  improvement  in 

effluent  quality  under  all  wastewater  management  alternatives. 

The  removal  of  industrial  toxic  substances  from  the  Little  Cuyahoga 
River  should  allow  a much  greater  variety  of  species  to  occupy 
these  areas.  A reduction  in  settleable  solids  would  result  in  an 
even  greater  improvement  in  species  diversity. 

Erosional -type  substrates  account  for  a large  proportion  of 
r the  natural  habitats  in  most  sections  of  the  Three  Rivers  Watershed. 

Pollution-sensitive  plants  and  animals  should  quickly  reoccupy  these 
i areas  once  toxic  materials  and  settleable  solids  are  eliminated. 

Elimination  of  toxic  materials  must  coincide  with  a reduction 
of  biological  oxygen-demanding  (BOU)  compounds  or  critical  low 


] 
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levels  of  dissolved  oxygen  will  spread  to  other  sections  of  the 
river.  Currently,  toxic  wastes  inhibit  the  maximum  possible  ef- 
fects of  BOD  in  the  middle  and  lower  Cuyahoga  River.  In  a sim- 
ilar manner,  toxic  materials  presently  inhibit  the  growth-stimula- 
ting potential  of  phosphates  and  nitrates  on  river  plant  life. 

Highly  organized  communities  of  plants  and  animals,  includ- 
ing many  species  with  narrow  ranges  of  tolerance  to  certain  en- 
vironmental factors  will  develop  rapidly  under  each  plan.  All 
plans  probably  will  promote  the  development  of  more  complex  and 
weblike  aquatic  food  chains  in  the  lower  Rocky  River,  middle  and 
lower  Cuyahoga  River,  and  the  lower  Chagrin  River.  A greater  var- 
iety of  producers,  consumers,  and  decomposers  should  return  to 
many  waterways  as  BOD  levels,  organic  sediments,  and  toxic  mater- 
ials are  reduced  or  eliminated.  Short  linear  food  chains  invol- 
ving untreated  and  partially  treated  organic  wastes,  sludge  worms, 
midges,  and  bacteria  will  diminish  as  longer,  more  complex  food 
webs  involving  algae,  aquatic  insects,  vertebrates,  and  bacteria 
increase  in  importance. 

All  plans  should  increase  the  variety  of  ecological  niches, 
encourage  populations  of  larger  organisms,  and  assist  species  with 
long,  complex  life  cycles.  Large  insects  with  complete  metamor- 
phosis should  return  to  many  areas  of  the  middle  and  lower  Cuyaho- 
ga River,  lower  Rocky  River  and  the  lower  Chagrin  River.  Larger 
species  of  fish  including  many  game  fish  varieties  also  should 
return  to  these  areas . 
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Most  plans  also  will  enhance  "feedback- type"  of  population 
control  for  nuisance  organisms  such  as  mosquitoes,  midges, 
leeches,  and  sludgeworms.  Biological  control  of  pathogenic  organ- 
isms also  will  be  improved. 

(b)  Effects  on  the  Biota  of  the  Sandusky  River 

The  biota  of  the  Sandusky  River  (and  other  streams  in  North 
Central  Ohio)  will  be  greatly  affected  by  the  increased  flow  of 
water  from  land  treatment  areas.  The  greatest  effects  on  aquatic 
life  will  occur  as  a result  of  changes  in  the  bottom  habitats. 
Alteration  of  flow  regimes  will  drastically  change  the  distribution 
of  substrate  materials  and  the  normal  fluctuation  in  water  level. 
River  substrates  play  a dominant  role  in  the  species  composition 
and  the  distributional  patterns  of  all  aquatic  life.  All  major 
photosynthetic  organisms  and  invertebrate  consumers  are  influenced 
by  the  nature  of  the  bottom  materials.  Fish  and  other  aquatic 
vertebrates  either  directly  or  indirectly  depend  upon  bottom  organ- 
isms for  food.  Substrates  also  play  an  important  role  in  the 
incubation  of  fish  eggs. 

The  major  change  that  is  anticipated  in  the  river  bottom  will 
be  an  increase  in  finely  textured  depositional  substrates  and  a 
decrease  in  coarsely-grained,  erosional- type  substrates.  Pooled 
areas  and  deep  runs  will  increase  at  the  expense  of  shallow,  high 
velocity  riffle  areas. 

Well  documented  studies  covering  the  past  60-70  years,  have 
shewn  that  riffle  areas  contain  the  greatest  variety  of  bottom-dwel- 
ling plants  and  animals.  These  areas  supply  large  quantities  of 


food  to  fish  and  other  consumers  occupying  the  deeper,  pool  and 
run  areas,  liiimination  of  riffle  areas  from  streams  in  the  western 
Ohio  land  treatment  region  will  greatly  reduce  these  highly  pro- 
ductive aquatic  habitats. 

The  magnitude  of  the  runoff  should  be  decreased  as  much  as 
possible  by  buffer  zones  of  grasses,  shrubs,  and  woodland  between 
the  treated  agricultural  lands  and  the  receiving  streams.  These 
zones  will  reduce  runoff  by  increasing  evapo- transpiration  and  by 
increasing  percolation  rates  to  the  ground  water. 

The  number  of  riffles  eliminated  from  the  Sandusky  River  and 
other  streams  in  the  region  that  may  be  affected  cannot  be  deter- 
mined without  (1)  more  detailed  information  on  the  precise  location 
of  land  treatment  areas;  (2)  the  present  number  of  permanent  rif- 
fles; (3)  the  size  of  buffer  zones;  and  (4)  the  quantity  of  effluent 
applied.  The  maximum  potential  wastewater  return  flow  to  the  San- 
dusky, Huron,  and  Vermilion  Rivers  is  estimated  to  double  the  an- 
nual average  flow  of  these  rivers.  (Wright-McLaughlin  Engineers, 
Surface  Hydrology  Supplement  to  Phase  1 Report  on  Land  Treatment 
Considerations  under  Contract  No.  DACN  49-72-C-0051) . Because  of 
the  low  gradient  in  each  of  these  rivers,  over  90  percent  of  the 
permanent  riffle  areas  probably  would  be  eliminated. 

Biological  diversity  in  the  Sandusky,  Huron,  and  Vermilion 
Rivers  and  their  tributaries  probably  will  decline  under  LBWT  Plans. 
The  increased  flow  of  water  in  these  streams  will  reduce  the  var- 
iety of  habitats,  thereby  restricting  the  diversity  of  aquatic 
life  even  though  the  chemical  and  physical  properties  of  the  water 


may  be  optimal.  Uniform  substrates  also  will  restrict  the  develop- 
ment of  highly  organized  aquatic  communities  and  encourage  only 
those  species  with  a wide  range  of  tolerance  to  environmental 
factors . 

Aquatic  food  chains  within  the  land  treatment  area  also  may 
be  shortened  and  simplified  as  a result  of  increased  water  flows. 

A reduction  in  the  variety  of  substrates  will  lead  to  a more  uni- 
form community  of  organisms  and,  hence,  to  shorter  and  less  com- 
plex food  chains  than  presently  exist  in  these  streams. 

The  variety  of  ecological  niches  also  may  be  reduced  in  the 
Sandusky  River  because  of  increased  substrate  uniformity.  Biologi- 
cal control  of  nuisance  organisms  and  pathogenic  organisms  pro- 
bably will  not  be  enhanced  under  LBWT  Plans,  but  control  of  these 
organisms  should  be  adequate. 

What  effects  will  these  changes  in  bottom  habitat  and  water 
depth  cause  in  the  aquatic  communities?  A reduction  will  most  like- 
ly occur  in  the  proportion  of  animals  characteristic  of  eroding 
substrates  such  as  mayflies,  stoneflies,  fishflies,  alderflies, 
caddisflies,  and  certain  beetles.  Some  species  of  molluscs,  and 
fish,  particularly  darters,  suckers,  and  minnows  also  would  be  re- 
duced. Animals  such  as  aquatic  earthworms,  leeches,  chironomids,  ' 

dragonflies,  damselflies,  certain  beetles,  and  aquatic  bugs  will 

undoubtedly  increase.  If  the  sediments  contain  large  proportions  ^ 

of  organic  materials,  some  populations  of  these  latter  organisms 
may  reach  nuisance  proportions.  Fish  such  as  bluegills,  bass, 
carp,  and  catfish  probably  will  increase. 
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Aquatic  plant  life  will  change  from  sessile  species  adapted 
to  shallow,  fast-moving  water  to  species  better  adapted  to  deeper, 
slower-moving,  more  turbid  water.  Filamentous  green  algae  and 
diatoms  characteristic  of  eroding  substrates  will  be  replaced  by 
rooted  aquatic  vascular  plants  and  planktonic  algae  species. 

(10)  Which  plan  maximizes  biotic  storage  of  major 
plant  nutrients? 

An  Importance  Value  of  1 has  been  assigned  to  this  parameter. 

A discussion  of  the  ecological  implications  of  the  biotic  storage 
of  major  plant  nutrients  has  been  given  above.  Criteria  for  rating 
this  parameter  are  based  on  the  quantity  of  phosphates  discharged 
to  waterways  under  each  wastewater  management  plan.  Land-based 
wastewater  treatment  alternatives  and  combination  plans  discharge 
the  smallest  quantities  of  phosphates  and  have  been  assigned  the 


highest  magnitude  values. 

Phosphates  Discharged  Tons/Year  Value 

0-100  3 

100-200  2 

200-300  1 

c . Nutrient  Cycling 


(11)  Which  technology  maximizes  recycling  of 
phosphorus  and  nitrogen? 

(12)  Which  technology  maximizes  biological 
control  of  nutrient  cycles? 

An  Importance  Value  of  10  has  been  assigned  to  question  number 
11,  and  a value  of  1 to  question  number  12.  Criteria  for  rating 
these  parameters  are  based  on  the  quantity  of  phosphates  discharged 
annually  to  waterways.  The  quantity  of  total  nitrogen  discharged 
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also  may  be  used  as  a criterion  for  rating  each  technology.  Nit- 
rogen, however,  has  not  been  included  because  the  quantities 
discharged  are  jiroportional  to  the  quantities  of  pliosphates  dis- 
charged under  each  wastewater  management  plan. 

Land  based  wastewater  management  alternatives  maximize  the 
recycling  of  phosphorus  and  nitrogen  and  maximize  biological  con- 
trol of  nutrient  cycles.  These  plans  have  been  assigned  the 
highest  magnitude  values  for  the  above  parameter. 

With  WBWT  plans,  phosphorus  is  precipitated  and  either  wasted 
in  a land  fill  or  spread  over  land  where  it  is  of  limited  agricul- 
tural value  because  of  its  relative  insolubility  and  combination  with 
other  chemicals.  In  LBWT  methods,  phosphorus  is  utilized  quickly 
and  efficiently  in  plant  growth.  Biological  control  can  be  main- 
tained through  immediate  harvest  and  reuse  at  a later  time.  Reten- 
tion of  phosphorus  in  soils  and  its  rapid  uptake  by  plants  prevents 
leaching  of  significant  quantities  into  ground  water. 

In  natural  ecosystems  phosphorus  is  slowly  leached  from  ter- 
restrial regions  into  oceanic  sediments.  Significant  quantities 
of  pliosphorus  are  returned  to  land  only  in  certain  island  and  coas- 
tal areas  wliere  food  chains  consisting  of  bottom  feeding  animals, 
phytoplankton,  fish,  and  birds  exist.  Man  has  greatly  accelerated 
the  loss  of  pliosphorus  to  oceanic  sediments  through  destruction  of 
terrestrial  vegetation  cover  and  misuse  of  phosphate  rock  extracted 
for  agricultural,  domestic  and  industrial  purposes. 

Recycling  of  phosphorus  is  especially  important  at  this  time 
in  view  of  the  rapid  depletion  of  the  world's  phosphate  reserves. 
Large  quantities  of  phosphorus  are  required  to  maintain  current 
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levels  of  agricultural  productivity.  Recovery  of  phosphorus  from 
domestic  and  industrial  wastes  will  become  increasingly  important 
as  the  current  supplies  of  phosphate  fertilizers  dwindle  and  be- 
come more  expensive.  The  LBWT  alternative  can  most  effectively 
achieve  this  objective. 

Nitrogen  in  WBWT  alternatives  is  released  to  the  atmosphere 
where  it  has  a negligible  effect  on  the  ecosystem.  Although  the 
effects  on  the  environment  are  minimal,  the  loss  of  nitrogen  works 
counter  to  agricultural  needs  for  nitrogen  fertilizers.  Considerable 
energy  and  natural  resources  are  expended  for  nitrogen  enrichment 
in  most  agricultural  systems.  Nitrogen  in  the  form  of  nitrates  and 
ammonia  are  applied  in  large  quantities  to  the  soil  to  maintain  high 
levels  of  agricultural  productivity.  Recycling  of  nitrogen  by  land 
treatment  methods  should  greatly  reduce  the  need  for  nitrogen 
fertilizers  and  maximize  biological  control  over  the  flow  of  this 
element . 

One  of  the  most  serious  disadvantages  of  WBWT  alternatives 
for  nitrogen  disposal  is  the  requirement  for  electrical  power  and 
chemical  additives.  Acquisition  of  electrical  power  and  chemical 
additives  represents  a considerable  environmental  impact  at  some 
point  in  the  biosphere.  Although  electrical  power  is  required  for 
LBWT  alternatives,  no  chemical  additives  or  treatment  facilities 
are  required.  Nitrogen,  rather  than  wasted  to  the  atmosphere,  is 
recycled  into  organic  nitrogen. 

(13)  Which  technology  maximizes  reuse  of  organic 
sludges  as  soil  conditioners? 

(14)  Which  technology  generates  least  inorganic 
sludges  or  sludges  with  very  poor  reuse 
potential ? 
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An  Importance  Value  of  5 has  been  assigned  to  this  parameter. 
Magnitude  Values  are  based  on  the  daily  consumption  of  chemicals 
because  the  quantity  of  inorganic  sludges  generated  is  directly  per- 
portional  to  the  quantity  of  chemicals  used. 


Chemicals  (#/day  x 1000)  Value 

0-200  3 

200-400  2 

400-600  1 


Inorganic  sludges  resulting  from  WBWT  have  little  or  no 
value  as  soils  conditioners  or  fertilizers  unless  reprocessed.  Dis- 
posal of  these  sludges  presents  an  added  cost  with  no  ecological 
benefits  and  create  more  environmental  damage.  Reprocessing  of 
sludges  would  require  additional  natural  resources  and  create 
more  environmental  damage. 

(15)  Which  technology  least  disturbs  natural  hydro- 
logic  regimes? 

(16)  Which  technology  least  threatens  the  quality  of 
ground  water  supplies? 

(17)  Which  technology  best  retards  leaching  of  plant 
nutrients  into  ground  water? 

An  Importance  Value  of  10  has  been  assigned  to  number  15,  a 
value  of  5 to  number  16,  and  a value  of  5 to  number  17.  Magnitude 
Values  are  based  on  the  extent  to  which  natural  hydrologic  regimes 
are  altered  by  each  of  the  wastewater  management  plans.  Currently 
85%  of  the  water  used  within  the  Three  Rivers  Watershed  is  withdrawn 
from  Lake  Erie.  Most  of  this  water  either  is  returned  directly 
to  Lake  Erie  or  discharged  into  tributaries  within  a few  miles  of 
the  lake.  Very  little  water  withdrawn  from  Lake  Erie  comes  in  con- 
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tact  with  land  areas  within  the  Three  Rivers  Watershed.  This  great- 
ly reduces  the  chances  of  contaminating  ground  water  supplies  and 
has  little  effect  on  the  leaking  of  plant  nutrients  from  top  soils. 

Approximately  11%  of  the  water  used  within  the  Three  Rivers 
Watershed  is  withdrawn  from  the  upper  Cuyahoga  by  the  City  of  Ak- 
ron. Most  of  this  supply  is  returned  to  the  Cuyahoga  River  below 
Akron.  Although  the  normal  river  flow  is  disrupted  between  the  point 
of  withdrawal  and  the  point  of  reentry,  negligible  amounts  of  the 
Akron  water  supply  come  in  contact  with  land  areas.  For  this  rea- 
son, neither  the  quality  of  ground  water  nor  the  leaching  of  plant 
nutrients  is  threatened  by  this  source. 

Value 

-Least  hydrologic  disturbance 
(water  based  wastewater  treatment)  3 

-Combination  plans  with  in-basin  land 
treatment  2 

-Most  disturbance 

(land  based  wastewater  treatment  5 
combinations  plans  with  land  treat- 
ment in  NC  Ohio)  1 

(a)  Ecological  Impact  of  Proposed  Changes  in  Hydrologic 
Regimes 

Ecological  changes  resulting  from  changes  in  hydrologic 
regimes  are  difficult  to  predict.  Regionalization  of  sewage  treat- 
ment facilities  will  create  low  flows  in  portions  of  the  Rocky  River, 
Tinkers  Creek  and  several  other  small  streams  within  the  basin.  As 
much  as  50  percent  of  the  critical  low-flow  of  the  lower  Rocky  Ri- 
ver and  Tinkers  Creek  is  now  augmented  by  wastewater.  Water  for 
waste  disposal,  and  for  domestic  and  industrial  uses  is  presently 
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supplied  to  this  region  from  Lake  Erie  via  the  City  of  Cleveland. 
Diversion  of  this  Lake  Erie  water  from  Rocky  River  and  Tinker's 
Creek  should  return  the  "natural"  flow  to  these  streams,  however, 
residents  of  these  areas  may  be  displeased  with  the  natural  flows 
because  adequate  control  of  the  natural  regimes  has  been  lost  in  re- 
cent years  through  increased  urbanization  and  accompanying  decreases 
in  protective  vegetation.  The  net  effects  of  this  loss  in  control 
will  result  in  more  frequent  oscillations  between  flooding  and 
droughts . 

The  effects  of  both  flooding  and  droughts  on  aquatic  life 
are  unpredictable  (Hynes,  1970).  Both  the  frequency  of  occurrence 
and  the  magnitude  of  the  events  determine  the  effects  on  aquatic 
life.  Many  species  of  benthic  animals  important  in  aquatic  food 
chains  require  periods  of  low-flow  to  complete  their  life  cycles. 
Some  caddisflies,  for  example,  emerge  into  adult  reproductive 
stages  during  low-flows.  Complete  dessication  of  the  stream  bed, 
of  course,  will  interfere  with  reproductive  activities  of  this  or- 
ganism and  may  destroy  the  population. 

Flooding  destroys  aquatic  habitats  through  erosion  and  sed- 
imentation. Organisms  not  adapted  to  depositional  substrates  are 
eliminated  from  heavily  sedimented  regions.  If  significant  quanti- 
ties of  organic  materials  with  high  BOD  are  washed  into  the  streams, 
oxygen  depletions  may  destroy  large  segments  of  the  aquatic  commun- 
ity. Several  months  following  a flood  may  be  required  to  re-estab- 
lish the  normal  aquatic  life. 
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(b)  Effects  of  Changes  in  Hydrologic  Regimes  Within  the 
Three  Rivers  Watershed 

The  transfer  of  wastewater  to  farmlands  of  North  Central 
Ohio  will  have  considerable  ecological  impact  on  the  middle  and 
lower  sections  of  the  Cuyahoga  River.  Akron  withdraws  approximate- 
ly 50  MGD  of  water  from  the  upper  Cuyahoga  River  for  domestic  and 
industrial  uses.  Most  of  this  water  plus  additions  from  local  ground 
water  and  industrial  supplies  is  returned  to  the  middle  Cuyahoga 
River  below  Akron.  Withdrawal  of  water  from  the  river  at  Lake 
Rockwell  creates  critical  low-flows  at  certain  times  between  the 
points  of  discharge  and  withdrawal.  At  the  point  of  discharge 
the  stream  flow  is  restored  and  slightly  augmented  with  partially 
treated  wastewater. 

Neither  a LBWT  nor  an  WBWT  alternative  would  change  the  hy- 
drologic regime  between  Lake  Rockwell  and  the  Akron  wastewater  treat- 
ment facility  as  long  as  Akron  continues  to  withdraw  water  from 
Lake  Rockwell.  A land  treatment  alternative  for  Akron,  however, 
would  remove  considerable  quantities  (as  much  as  60%)  of  water  from 
the  lower  Cuyahoga  River.  Water  loss  of  this  magnitude  could  ser- 
iously affect  large  segments  of  aquatic  life  in  this  region. 

The  hydrologic  regime  in  the  Cuyahoga  River  could  be  improved 
greatly  by  supplying  Akron  with  water  from  Lake  Erie.  The  return 
wastewater  then  could  be  transported  out  of  the  basin  without  dis- 
rupting the  normal  river  flow  below  Akron.  Normal  flows  could  then 
be  restored  between  Lake  Rockwell  and  Akron. 


(c)  Effects  of  Changes  in  Hydrologic  Regimes  in  Streams 
Draining  Land  Area 

The  increased  flow  of  water  in  the  Sandusky,  Huron,  and  Ver- 
milion Rivers  will  greatly  increase  the  rate  of  transport  of  sedi- 
ments into  Lake  Erie.  The  relationship  between  suspended  load  of 
a river  and  discharge  may  be  defined  by  the  expression; 

G = pQj 

where  G is  the  sediment  load  and  p and  j are  constants  [Leopold,  et. 
al.,  1964).  Values  for  j usually  range  from  2 to  3.  Assuming  that 
discharge  doubles  at  the  mouth  of  the  Sandusky  River,  (Wright-Mc- 
Laughlin,  1972)  the  sediment  load  to  Lake  Erie  will  increase  approx- 
imately 4 times. 

The  increased  transport  of  sediments  to  Lake  Erie  from  the 
Sandusky,  Huron,  and  Vermilion  Rivers  will  not  be  compensated  by 
a reduction  in  sediment  transport  to  Lake  Erie  from  the  Cuyahoga, 
Rocky,  and  Chagrin  Rivers.  Although  the  discharge  to  Lake  Erie  from 
the  Three  Rivers  Watershed  will  be  decreased  by  an  amount  approx- 
imately equal  to  the  increased  discharge  from  the  Sandusky,  Huron 
and  Vermilion  Rivers,  the  quantity  of  sediments  transported  will 
differ  considerably.  The  reason  for  tliis  is  that  in  the  Three 
Rivers  Watershed,  most  of  the  water  transported  to  Western  Ohio 
farmlands  will  be  supplied  from  Lake  Erie  through  the  city  of 
Cleveland's  water  supply  system.  Under  WBWT  plans,  wastewater  is 
returned  directly  to  Lake  Erie  or  discharged  to  the  lower  reaches 
of  the  Three  Rivers,  usually  within  a few  miles  of  Lake  Erie.  Neg- 
ligible amounts  of  this  water  will  contact  upland  soils  and  contri- 
bute significantly  to  soil  erosion.  Under  LBWT  plans,  most  water 
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supplied  from  Lake  Erie  will  be  transported  to  Western  Ohio  farm- 
lands and  discharged  in  headwater  areas . Here  the  contact  between 
water  and  upland  soils  will  be  greatly  increased.  The  potential  for 
increased  soil  erosion  will  increase  accordingly. 

The  impact  of  this  increased  sediment  load  in  Lake  Erie  can- 
not be  adequately  assessed  at  present.  Compared  to  the  suspended 
sediments  carried  into  Lake  Erie  by  other  streams  and  rivers,  the 
projected  load  increase  from  the  Sandusky,  Huron,  and  Vermilion 
Rivers  is  infinitesimally  small.  The  additive  effects  of  numerous 
small  sediment  loads  on  Lake  Erie,  however,  may  be  considerable. 

The  most  serious  effects  probably  will  be  greater  turbidity, 
increased  rate  of  sedimentation,  destruction  of  spawning  grounds  of 
desirable  fish  species,  nutrient  enrichment  of  aquatic  plants,  and 
a reduction  in  variety  of  pollution  sensitive  bottom-dwelling  organ- 
isms. The  magnitude  of  these  effects  depends  upon  the  contribution 
of  sediments  from  other  sources,  seasonal  variations,  and  the 
nature  of  the  sediments . 

d.  Life  History 

(18)  Which  technology  contributes  most  to  the  develop- 
ment of  a great  variety  of  ecological  niches? 

(19)  Which  technology  best  encourages  populations  of 
large  organisms? 

(20)  Which  technology  best  encourages  species  with 
long,  complex  life  cycles? 

e . Selection  Pressure 

(21)  Which  technology  is  most  compatible  with  a "feed- 
back control"  type  population  growth  forms? 
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The  rationale  for  establishing  Importance  Values  and  Magni - 
tude  Values  based  on  the  levels  of  wastewater  and  stormwater  treat- 
ment for  parameter  numbers  18,  19,  20,  and  21  is  similar  to  that 
described  above  under  Community  Structure . The  development  of  a 
great  variety  of  ecological  niches,  populations  of  large  organisms, 
species  with  long,  complex  life  cycles  and  "feedback-type" 
population  growth  forms  is  influenced,  for  the  most  part,  by 
the  same  environmental  factors  that  affect  the  structure  and 
organization  of  aquatic  communities. 

(22)  Which  technology  best  enhances  control  of 
nuisance  organisms  such  as  mosquitoes,  house 
flies,  midges,  leeches,  sludgeworms,  aquatic 
weeds,  and  bluegreen  algae? 

An  Importance  Value  of  5 has  been  assigned  to  this  parameter. 
Magnitude  Values  are  based  on  the  extent  to  which  ponds,  lagoons, 
and  open  water  storage  areas  are  required  for  each  wastewater  treat- 
ment plan.  Water-based  plans  require  the  least  impounding  of  water 
in  open  areas  and  have  been  assigned  the  highest  magnitude  values. 

Value 

-Least  impounding  of  open  water  3 

(water  based  wastewater  treat- 
ment) 

-Combination  plans  with  in-basin  2 

land  treatment 

-Most  impounding 

(land  based  wastewater  treatment 
and  combination  plans  with  land 
treatment  in  North  Central  Ohio)  1 

(23)  Which  alternative  best  promotes  control  of 
pathogenic  organisms  including  certain  bac- 
teria, viruses,  and  "swimmers  itch"? 


1 


L 
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(a)  Effects  of  Combined  Sewer  Overflows  on  Aquatic  Life 
Altliougli  aquatic  coiumun  i ty -euc  rj^et  ics  , community  * structure^ 
nutrient  cycling,  life  history,  selection  pressure,  and  overall 
homeostasis  will  be  greatly  improved  under  most  WBWT  alternatives, 
the  magnitude  of  these  improvements  may  be  less  than  would  be 
possible  under  LBWT  plans.  Limited  improvement  in  aquatic  life  may 
be  noted  in  sections  of  the  Cuyahoga  River  below  wastewater  treat- 
ment facilities  at  Akron  and  Cleveland  southerly,  because  of 
periodic  overflows  from  combined  sewers. 

At  least  one  overflow  per  year  can  be  expected  from  WBWT  fa- 
cilities designed  for  the  one-year  storm.  The  magnitude  of  this 
overflow  probably  will  equal  or  exceed  the  overfldW'  expected  from 
the  hypothetical  2.5-year  storm. 

Because  of  these  periodic  overflows  bacterial  counts  below 
WBWT  facilities  may  exceed  the  State  of  Ohio  v/ater  quality  standards 
in  many  areas.  Beaches  may  have  to  be  closed  occasionally.  The 
danger  of  viral  infections  and  other  water-borne  diseases  also  will 
increase  because  of  periodic  overflows. 

The  effects  of  these  overflows  on  other  aquatic  life  are 
difficult  to  predict  at  the  present  time.  Because  of  the  diverse 
nature  of  aquatic  life,  an  overflow  will  affect  each  species  in  a 
different  manner.  The  response  of  each  organism  will  depend 
upon  the  stage  in  the  life  cycle,  the  nutritional  status,  and 
the  relative  abundance  of  each  species.  The  magnitude,  frequency, 
and  chemical  characteristics  of  the  overflow  will  greatly  influence 
the  nature  and  magnitude  of  the  effects  on  aquatic  life.  In  addi- 
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tion,  the  effect  of  an  overflow  can  be  different  at  different  sea- 
sons . 

Land-based  wastewater  management  plans  offer  the  best  pro- 
tection against  the  spread  of  pathogenic  organisms.  Magnitude 
Values  have  been  assigned  according  to  the  following  criteria. 

Value 

-Most  control  of  pathogenic  organisms 
(land  based  treatment  5 combination 
plans  with  land  treatment  in  North 
Central  Ohio)  3 

-Combination  plans  with  in-basin  land 
treatment  2 

-Least  control 

(water  based  wastewater  treatment)  1 


f . Overall  Homeostasis 

(24)  Which  technology  maximizes  mutualistic  or  syner- 
gistic relationship  among  living  organisms? 

(25)  Which  technology  interferes  least  with  the  natural 
successional  development  of  ecosystems? 

For  criteria  used  to  rate  Magnitude  Values  for  questions  24 
and  25,  see  Community  Structure  parameter  number  7 above. 

(26)  Which  technology  best  promotes  the  rehabilitation 
of  destroyed  or  badly  disturbed  terrestrial  eco- 
systems (stripmined  lands,  for  example)? 

A maximum  Magnitude  Value  of  5 has  been  assigned  to  waste- 
water  management  plans  which  include  methods  for  sludge  disposal 
on  stripmined  lands  of  Southeast  Ohio.  No  other  plans  include 
provisions  for  the  rehabilitation  of  stripmined  lands. 

(27)  Which  alternative  in  case  of  mechanical  failure 
provides  maximum  protection  for  aquatic  ecosystems 

Ihe  wastewater  management  alternatives  rate  evenly  on  this 


parameter . 


(28)  Which  technology  generates  the  least  quantity 
of  potentially  harmful  biological  and  chemical 
aerosols? 

The  generation  of  potentially  harmful  biological  and  chemi- 
cal aerosols  does  not  appear  to  be  a major  environmental  problem 
with  any  of  the  wastewater  management  alternatives. 

(29)  Which  technology  requires  the  least  disturbance 
or  destruction  of  terrestrial  ecosystems  (land- 
use)  for  pipelines,  sewers,  and  structural  facil- 
ities? 

Land  requirements  vary  considerably  for  the  various  waste- 
water  alternatives.  Magnitude  values  have  been  assigned  according 
to  the  acreages  of  land  required,  excluding  land  needed  for  spray 
irrigation  and  sludge  disposal 


Land  Required-Acres  Value 

0-50  3 

50-100  2 

100-+  1 


(30)  Which  technology  requires  the  least  conversion 
of  terrestrial  ecosystems  into  aquatic  systems? 

Most  land-based  wastewater  treatment  plans  require  extensive 
winter  storage  reservoirs.  Considerable  land  also  will  be  required 
for  aerated  lagoons  and  stormwater  holding  ponds  under  some  plans. 
In  many  cases  prime  agricultural  lands  will  be  converted  to  aquatic 
ecosystems.  The  loss  of  crop  production  from  these  lands  probably 
will  not  be  compensated  by  increased  production  on  adjacent  irri- 
gated croplands.  Water  based  wastewater  treatment  plans  require 
the  least  conversion  of  terrestrial  to  aquatic  ecosystems. 

Magnitude  Values  have  been  assigned  to  each  technology 
according  to  the  following  criteria: 
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Value 


-Least  conversions  of  terrestrial 

to  aquatic  ecosystems 

(all  water-based  treatment  plans  3 

-Combination  plans  2 

-Most  conversion 

(land-based  treatment)  1 

r31)  Which  technology  best  protects  plant,  animal, 

and  human  life  from  possible  cumulative  toxic 
effects  of  heavy  metals  or  other  harmful  indus- 
trial and  agricultural  chemicals? 

The  disposal  on  land  wastes  containing  heavy  metals  such  as 
Ag,  A1 , Cd,  Cr,  Cu,  Fe,  Mn,  Ni,  Pb , Su,  and  Zn  presents  several 
problems  of  considerable  environmental  importance.  First,  will 
the  soils  and  vegetation  effectively  remove  or  reduce  the  concen- 
tration of  each  of  these  elements  to  safe  levels  in  the  drainage 
water  from  land  disposal  areas?  Secondly,  how  will  various 
agricultural  crops  such  as  wheat,  alfalfa,  corn,  and  soybeans  re- 
spond to  repeated  applications  of  wastes  containing  heavy  metals? 
Will  any  of  these  elements  reach  toxic  levels  for  certain  crops? 
Thirdly,  what  will  be  the  long-term  effect  of  heavy  metal  accumula- 
tion through  food  chains  into  terminal  consumer  organisms? 

Research  related  to  these  problems  is  extensive  and  no  attempt 
will  be  made  here  to  review  the  thousands  of  articles  on  this  sub- 
ject. The  results  usually  are  controversial  and  are  liotly  debated. 

In  general  answers  are  best  established  for  the  first 
question  raised  regarding  the  effectiveness  of  soils  and  vegetation 
in  removing  heavy  metals  and  otlicr  harmful  cliemicals  from  domestic 
and  industrial  wastewater.  According  to  a recent  review  of  this  sub 
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ject  it  appears  that  many  soils  and  crops  are  extremely  effective 
in  removing  toxic  and  harmful  chemicals  as  well  as  plant  nutrients 
from  domestic  and  industrial  wastewaters  (Cold  Regions  Research 
and  Engineering  Lab,  1972).  Continuous  management  of  all  phases 
of  the  land  treatment  process,  however,  is  essential  to  achieve 
adequate  removal  of  all  undesirable  chemical  components  and  to  pre- 
vent contamination  of  the  surface  waterway  and  the  local  ground 
water  supplies . 

The  second  question  noted  above  regarding  the  effect  on  crops 
of  repeated  applications  of  wastes  containing  heavy  metals  and  other 
harmful  chemicals  also  has  been  the  subject  of  hundreds  of  research 
studies.  Although  much  controversy  surrounds  this  topic,  most  evi- 
dence indicates  that  the  common  agricultural  crops  grown  in  Ohio 
can  tolerate  extremely  large  concentrations  of  heavy  metals  when 
applied  to  the  land  from  sewage  sludges  and  secondary  effluent. 

Again  careful  and  continuous  management  of  all  phases  of  the  waste 
application  procedures  is  required  for  effective  results. 

Very  little  research  has  been  performed  regarding  the  third 
question;  the  long-term  effect  of  heavy  metal  accumulation  through 
terrestrial  food  chains  into  terminal  consumer  organisms.  Recent 
experience  with  heavy  metal  accumulation  sucli  as  mercury  and  lead 
in  aquatic  food  chains  indicates  that  food  chain  accumulation 
may  be  a serious  problem  in  agricultural  and  natural  terrestrial 
food  chains. 

The  ecological  and  environmental  factors  discussed  above,  are 
presented  in  tabular  form  (Table  42)  in  the  Summary  Section  following 
page  381). 
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C.  SUMMARY  OF  IMPACTS  OF  LAND- DISCHARGE  AND  WATER -DISCHARGE 
WASTEWATER  TREATMENT  TECHNOLOGIES 

The  following  two  tables  condense  and  summarize  the  material 
presented  above  on  the  ecological  and  other  environmental  considera- 
tions of  the  two  major  treatment  technologies  considered  in  this 
study.  Water-discharge  technology  consists  of  both  biological  and 
physical-chemical  processes,  and  different  combinations  of  these 
can  be  utilized  to  reach  tertiary  treatment  levels.  The  environmental 
impacts  differ  somewhat  according  to  the  particular  combination.  More 
specific  details  are  given  in  the  plan-by-plan  evaluations. 
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Table  39 


SUMMARY  OF  MAJOR  IMPACTS  OF  LAND  DISCHARGE 
WASTEWATER  TREATMENT  TECHNOLOGY  OPTIONS 
(Relative  to  water  discharge  treatment  option] 

Impact  usually  not  desirable 

Impact  usually  desirable 

1. 

Lower  natural  resource  consumption 
rates  in  treatment  processes. 

2. 

Higher  electricity  consumption 
in  effluent  transfer. 

3. 

Nutrients  and  humic  materials  re- 
leased to  crops  and  woodland 
through  irrigation;  nutrients  re- 
cycled in  productive  ways  and 
under  control. 

4. 

Produces  unstable,  simple  ecosystems; 
if  used  for  agriculture;  maintenance 
more  difficult  and  costly. 

5. 

Possible  and  likely  hydrologic  dis- 
turbances . 

6. 

Interbasin  transfers  of  water  required; 
with  major  impact  on  lower  Cuyahoga 
River. 

7. 

Increases  sediment  transfer  into  Lake  Erie. 

8. 

Possible  nuisance  organism  problems 
due  to  open,  impounded  water. 

9. 

Stabilizes  aquatic  ecosystems 
within  Three  Rivers  Watersheds. 

10. 

Stabilizes  control  of  pathogenic 
organisms  through  control  of  com- 
bined sewer/storm  water  overflows. 

11. 

Terrestrial  ecosystems  (farmland)  con- 
verted to  aquatic  ecosystems  (lagoons, 
holding  ponds,  etc.). 

12. 

Stabilizes  control  of  accumulation 
5 disposal  of  heavy  metals  and 
other  possible  toxic  industrial 
and  agricultural  chemicals. 

13. 

Promotes  complex  food  chains. 

14. 

Promotes  complex  communities  of 
organisms . 

15. 

Potential  for  reclaiming  wasted 
land . 

16. 

Relative  meclianical  reliability. 
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Table  40 


SUMMARY  OF  MAJOR  IMPACTS  OF  WATER- DISCHARGE 
WASTEWATER  TREATMENT  TECHNOLOGY  OPTIONS 
(Relative  to  land  discharge  treatment  option) 


Impact  usually  not  desirable 

Higher  natural  resource  consumption 
rates  in  treatment  process;  (parti- 
cularly physical-chemical  process. 


Impact  usually  desirable 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 


Lower  electricity  consumption. 


Nutrients  released  into  aquatic 
ecosystems,  landfills,  atmosphere. 
Disposal  of  humic  materials  a problem. 
Nutrient  recycling  not  under  control. 


Produces  complex  and  diverse  aquatic 
ecosystms,  easily  maintained  (under 
normal  conditions) . 

Less  hydrologic  disturbance. 

No  interbasin  transfers  of  water. 

No  sediment  increase. 

Nuisance  organism  control. 


Oscillations  in  aquatic  ecosystems 
due  to  periodic  combined  sewer/storm 
overflows . 


10.  Varying  control  of  pathogenic  organisms. 

11. 


Balance  between  terrestrial  and 
aquatic  ecosystems  maintained. 


12, 

13, 

14, 

15, 

16, 


Uncontrolled  dispersion  and  dilution 
of  heavy  metals,  other  chemicals. 


Promotes  complex  food  chains. 

Promotes  complex  communities  of  organ  sir 
Potential  for  reclaiming  wasted  lands. 
Relative  mechanical  reliability. 


-266- 


U.  COMPONENT  ANALYSIS  AND  IMPACT 


The  above  discussion  of  the  strengths  and  weaknesses  of  the 
treatment  technologies  under  consideration  (necessarily  limited 
to  ecological  impacts)  provides  a necessary  preparation  for  the 
more  detailed  evaluation  to  follow  of  the  individual  plans.  Ease 
of  understanding  is  also  facilitated  by  understanding  of  the  com- 
ponents and  processes  of  wastewater  management.  The  management 
system  can  be  separated  for  analytical  purposes  into  these  sub- 
systems; Sources,  Collection,  Treatment,  Residuals  and  Disposal. 
After  brief  remarks  on  each  subsystem  a summary  table  relating 
components,  impacts  and  design  alternatives  is  presented. 


1.  Systemic  Components 


a . Sources 

The  complexity  of  wastewater  management  is  rapidly  accelerating 
as  additional  inputs  for  treatment  are  being  added.  These  include 
industrial  wastes,  urban  and  non-urban  run-off  and  increasing  quanti- 
ties of  cooling  water  in  addition  to  traditional  domestic  wastes. 

The  following  comments  on  non-urban  runoff  are  illustrative  of  the 
ramifications  of  wastewater  sources. 


(1)  The  Effects  of  Non-urban  Runoff  and  Urban  Stormwater 
Evidence  from  a limited  number  of  studies  in  the  upper  Cha- 
grin River  and  the  upper  Cuyahoga  River  indicates  that  non-urban 
runoff  causes  considerable  degradation  of  aquatic  communities. 

Since  non-urban  runoff  is  not  to  be  treated  under  any  wastewater 
treatment  alternative,  damage  to  aquatic  life  as  a result  of  this 
runoff  will  not  be  prevented.  None  of  the  wastewater  alternatives 


can  be  expected  to  improve  aquatic  life  conditions  above  the  levels 
imposed  by  non-urban  runoff. 

The  constituents  of  non-urban  runoff  most  damaging  to  aquatic  life 
in  the  Three  Rivers  Watershed  include  inorganic  and  organic  soil 
sediments  and  organic  effluent  from  septic  tank  drainage.  Soil 
sediments  originate  from  the  extensive  land-clearing  that  has 
taken  place  within  the  watershed  for  domestic,  industrial  and 
agricultural  purposes.  Less  than  one  percent  of  the  climax 
deciduous  forest  remains  in  the  watershed.  Even  second  growth 
woodlands  cover  less  than  20  percent  of  the  watershed. 

The  best  means  for  retaining  stormwater  is  to  restore  the  de- 
ciduous forests  which  once  covered  most  of  the  Three  Rivers  Water- 
shed. In  Northeast  Ohio  the  deciduous  forest  is  the  most  effective 
mechanism  for  intercepting  rainwater  and  for  controlling  its  flow 
to  either  ground  water  or  to  surface  waterways.  Dramatic  increases 
in  runoff  as  a result  of  clearing  forested  areas  has  been  demon- 
strated in  a number  of  watershed  studies.  Shrubs  and  other  perennial 
plants,  while  more  effective  than  annual  crops  in  controlling  runoff, 
are  much  less  effective  than  deciduous  trees.  Swamps  and  lakes  also 
effectively  control  runoff  but  have  a limited  life  span.  Cropland 
and  impervious  areas  such  as  roofs,  paved  roadways,  and  parking 
areas  provide  very  little  control  over  stormwater  runoff. 

Since  this  study  is  considered  to  be  a passive,  long-range 
effort,  more  attention  should  be  given  to  possible  educational, 
social,  and  political  means  for  achieving  at  least  partial 
restoration  of  an  effective  vegetative  cover.  Residents  of  the 


watershed  should  not  be  led  to  believe  that  they  can  continue  to 
clear  and  pave  land  with  impunity. 


An  extensive  reforestation  program  and  careful  land  management 
practices  will  be  required  to  prevent  further  siltation.  Regul- 
tations  requiring  periodic  pumping  of  septic  tanks  should  be  implemen- 
ted to  prevent  effluent  from  entering  the  streams.  Because  of  the 
large  volume  of  non-urban  runoff,  the  adoption  of  no-discharge 
standards  for  the  treatment  of  domestic  wastes  and  urban  runoff  is 
a highly  desirable  goal  if  the  impact  on  Lake  Erie  is  to  be  mini- 
mized . 


Although  a reforestation  program  should  be  implemented,  the 
loss  of  runoff  control  already  is  so  severe  that  a ponding  program 
for  urban  runoff  is  the  only  immediate  solution.  The  program  should 
be  regarded  however,  as  a "stop  gap"  measure  at  best. 

Numerous  small  ponds  located  in  headwater  areas  would  appear 
to  be  sound  management  from  the  ecological  viewpoint.  Retention 
of  water  in  ponds  should  increase  the  percolation  rate  into  ground 
water  and  allow  time  for  advanced  treatment.  The  net  loss  of  land 
to  ponding  (approximately  2000  acres)  might  not  exceed  the  acreage 
recovered  from  swamps  over  the  past  100  years. 

The  effects  of  periods  of  high  water  on  benthic  inverte- 
brates have  been  documented  in  numerous  studies  (Hynes,  1970). 

In  most  cases  the  variety  and  abundance  of  organisms  is  greatly  re- 
duced by  flooding.  This  reduction  can  be  caused  by  direct  wash- 
out of  organisms,  displacement  of  bottom  sediments,  suffocation  in 
sediments,  or  suffocation  as  result  of  dissolved  oxygen  deficiencies. 
Occasionally  toxic  substances  reduce  or  eliminate  aquatic  life 
during  a period  of  high  water.  A general  conclusion  that  Hynes 


L 


* 


i 


C1970)  draws  from  studies  of  the  effects  of  high  water  on  inver- 
tebrates is  that  streams  subjected  to  frequent  natural  flooding  have 
fewer  species  of  aquatic  life  than  others.  In  most  cases  where  man 
has  increased  the  intensity  of  run-off  or  caused  habitat  changes, 
the  variety  and  abundance  of  stream  life  also  has  been  reduced. 

Based  on  these  conclusions,  stormwater  overflows  in  the 
Three  Rivers  Watershed  probably  cause  similar  reductions  in 
variety  and  abundance  of  aquatic  life.  The  magnitude  of  these 
changes  cannot  be  accurately  predicted  at  this  time. 

b . Collection 

Collection  difficulties  increase  as  we  move  toward  total  treat- 
ment and  recycling  of  all  surface  waters.  In  particular,  collection 
and  treatment  of  stormwater  will  be  a costly  requirement  under  the 
new  Federal  water  quality  standards. 

c . Treatment 

Refinements  in  treatment  teclmology  and  stricter  controls 
over  effluent  quality  and  disposal  are  posing  problems  of  serious 
magnitude  to  the  public  sectors  of  our  society.  Industrial  waste 
treatment  is  a major  problem  in  our  region,  as  the  following 
remarks  illustrate. 

(Ij  Collection  and  Treatment  of  Industrial  Wastes 

Collection  and  proper  treatment  of  industrial  wastes  is 
extremely  crucial  to  the  restoration  of  the  middle  and  lower  reaches 
of  the  Cuyahoga  River  and  is  necessary  to  reduce  significantly  the 
impact  of  the  river's  water  on  Lake  Erie.  Industrial  waste  vol- 
umes equal  domestic  waste  volumes  in  the  Three  Rivers  Watershed. 
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Industrial  wastes  and  urban  runoff  all  but  eliminate  aquatic 
life  in  the  lower  sections  of  the  Little  Cuyahoga  and  in  the  Cuya- 
hoga River  between  the  Little  Cuyahoga  and  the  Akron  WTP.  In- 
dustrial wastes  and  urban  runoff  also  adversely  effect  aquatic 
life  and  create  public  health  hazards  in  the  lower  section  of  the 
river  through  Cleveland.  Little  change  in  aquatic  life  can  be  ex- 
pected in  these  regions  as  a result  of  any  wastewater  disposal  plan 
unless  industrial  wastes  are  eliminated.  Increased  DO  in  the  river 
as  a result  of  BOD  removed  from  wastewater  and  urban  storm  water 
runoff  will  have  little  beneficial  effect  upon  aquatic  life  as  long 
as  toxic  materials  are  present. 

Under  certain  wastewater  management  alternatives  considerable 
treatment  of  industrial  wastes  will  be  required  at  each  industrial 
plant.  If  each  industry  is  required  to  develop  adequate  treatment 
facilities,  the  consumption  of  natural  resources  required  for  build- 
ing and  operating  the  facility  will  probably  create  greater  environ- 
mental damage  than  the  damage  resulting  from  untreated  wastes.  A 
more  detailed  description  of  this  ecological  impact  has  been  given 
above  under  the  "Consumption  of  Irreplaceable  Natural  Resources." 

The  evaluation  of  wastewater  treatment  plans  in  relation  to 
this  parameter  depends  to  a large  extent  upon  the  effectiveness 
of  the  day-to-day  waste  treatment  operations.  With  each  facility 
operating  effectively,  there  would  be  very  little  difference  in 
the  effectiveness  of  alternatives.  Because  of  the  doubt  surrounding 
the  effect  of  heavy  metals  accumulation  in  agricultural  and  natural 
terrestrial  food  chains,  the  land-based  alternatives  are  least 


desirabli.'.  It'  LBWT  plans  are  used  for  the  rehabilitation  of  strip- 
mined  land,  rather  than  for  the  fertilization  and  irrigation  of 
cropland,  then  land-based  plans  with  aerated  lagoons  and  untreated 
industrial  wastes  would  bo  highly  acceptable. 

IVe  assume  that  all  noncompatible  industrial  wastes  will  be 
removed  from  WBWT  plans  and  LBWT  plans  where  secondary  effluents 
without  sludge  are  used  for  irrigating  croplands. 

d . Residuals 

Part  of  the  cost  of  getting  clean  water  is  the  generation 
of  waste  materials  of  many  sorts.  E-or  example,  land  discharge  to 
farmlands  requires  the  construction  of  a tunnel  to  western  Ohio. 

So  major  ecological  impacts  are  foreseen  in  tlie  construction  of 
a tunnel  to  the  western  lands  treatment  sites.  One  important 
advantage  of  tunneling  is  that  terrestrial  ecosystems  will  suffer 
minimum  disturbances.  This  feature  is  especially  important  in 
Ohio  wiiere  considerable  acreage  of  prime  agricultural  and  recreation- 
al lands  has  been  utilized  for  highways,  electrical  power  lines, 
and  oil  and  gas  pipelines. 

Tlie  depth  of  the  tunnel  is  great  enough  that  neither  the 
flow  nor  quality  of  ground  water  should  be  impaired.  Ground  water 
yields  in  the  region  traversed  by  the  tunnel  are  relatively  large. 

Disposal  of  rock  tailings  from  the  tunnel  during  construction 
should  not  pose  major  problems.  These  materials  might  be  used  to 
halt  erosion  along  the  Lake  Erie  shoreline,  used  for  diking  lake 
frontage  in  metropolitan  areas,  or  placed  in  stripmined  lands. 

The  effects  of  the  rock  tailings  on  Lake  Erie  probably  would  be 
less  than  the  effects  of  shoreline  sediments  presently  eroding  into 
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r'  of  tailings,  but  certainly  no  additional  damage  could  be  done  to 

r 

these  areas.  The  rehabilitation  of  stripmined  lands  would  be  impeded, 

but  the  ecological  magnitude  of  this  impact  would  be  small  compared 

s 

[ to  the  overall  task  of  strip  mine  restoration. 

1 e . Disposal 

What  to  do  with  the  large  quantities  of  clean  water,  waste 
materials  and  by-products  of  wastewater  treatment  without  wasting 
valuable  resources  or  dirtying  other  aspects  of  our  environments 
is  a major  problem.  For  example,  secondary  level  effluent  contains 
large  and  valuable  quantities  of  plant  nutrients.  To  dispose  of  | 

this  ef'’luent  in  our  lakes  causes  problems;  to  dispose  of  it  on  ] 

farmland  produces  a benefit  and  can  make  the  farmland  part  of  the 
treatment  process  itself.  The  effects  of  secondary  effluent  on  ' 

* cropland  arc  reasonably  well  documented.  The  results  of  numerous 

studies  have  been  summarized  recently  by  the  U.S.  Corps  of  Engineers,  , 

‘ Cold  Regions  Research  and  Engineering  Laboratory  (1972) , 

The  principal  conclusions  drawn  in  these  studies  are  as  follows: 

i 

1,  If  effluents  are  properly  applied  to  suitable  soils  95- 

99+  percent  of  the  BOD,  COD,  P,  metals,  suspended  solids,  j 

and  pathogens  can  be  effectively  removed  from  the  effluent,  j 

Nitrogen  is  removed  less  efficiently- - 85+  percent  removal.  | 

I 2.  Drainage  water  of  drinking  water  quality  is  obtained  from  ’ 

properly  treated  land. 

I 

3.  The  detrimental  effects  of  wastewater  residuals  on  crop- 
‘ land  is  minimal  even  when  large  doses  of  heavy  metals  are 

applied.  ■ 


4.  I'lie  land  must  be  carefully  managed  to  achieve  optimum  crop 
responses,  adequate  removal  of  residuals,  and  minimum  loss 
of  soil  particles. 

5.  Leaching  rates  of  certain  elements  from  treated  soils  are 
greatly  increased,  but  the  added  wastewater  residuals  usu- 
ally more  than  compensate  for  the  loss  to  leaching  processes. 

0.  Productivity  of  most  crops  is  greatly  accelerated. 

Ihe  most  important  ecological  implications  of  these  findings 
are  as  follows: 

l'i\e  return  of  undigested  organic  materials  (BOD),  plant 
nutrients  (.nitrogen  and  phosphorus),  trace  elements  (metals),  patho- 
gens, and  saprophytic  micro-organisms  to  upper  soil  horizons  close- 
ly parallels  the  flow  of  these  materials  in  natural  terrestrial 
ecosystems.  In  mature  terrestrial  ecosystems  most  undigested  and 
unrespired  organi,  matter  is  deposited  on  the  soil  where  microbial 
activity  further  reduces  tlic  material  to  its  elemental  constituents. 
Relatively  small  quantities  of  terrestrial  organic  matter  is 
dej)osited  in  waterways  of  undisturbed  ecosystems. 

Most  of  the  organic  material  contained  in  domestic  wastes  from 
the  fhree  Rivers  Watershed  comes  from  agricultural  areas  outside  of 
tlie  watershed.  The  precise  origin  and  quantity  of  these  imported 
materials  is  known  only  in  a general  way. 

Because  of  the  uncertainties  of  origin  and  the  imprac tical i ty 
of  returning  residuals  to  their  precise  area  of  origin,  the  best 
alternative  is  to  return  the  materials  to  the  nearest  agricultural 
lands  outside  the  waterslied. 
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Impacted  Areas  and  Design  Alternatives  Affected 


Table  41  shows  the  impact  areas  and  the  design  alternatives 
affected  by  changes  imposed  in  management  systems  as  a function 
of  variations  in  the  elements  of  each  particular  system  component. 


WASTEWATER  MANAGEMENT  COMPONENTS, 
SIGNIFICANT  IMPACT  AREAS.  AND  DESIGN  EFFECTS 
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VII.  F.Y^LUATION  OF  ALTERNATIVE  REGIONAL 
WASTEWATER  TREATMENT  SYSTEMS 
(TWELVE  PLANS) 


A.  Introduction 

The  methodology  of  assessing  the  full  range  of  impacts  of  the 
twelve  alternative  plans,  has  encompassed  a review  of  hundreds  of 
potential  relationships,  both  positive  and  negative,  in  the  areas 
of  ecological,  public  health,  institutional,  social,  economic  and 
esthetic  changes  that  might  result  from  a particular  plan  or  treat- 
ment method.  The  importance  of  such  changes  vary  from  insignificance 
to  ones  of  major  concern.  The  display  of  such  extended  detail  could 
well  obscure  the  intent  and  conclusions  of  the  evaluation. 

At  the  request  of  the  Ohio  Department  of  Natural  Resources,  a 
more  concise  evaluation  was  developed,  one  that  would  characterize 
each  plan  and  enable  a selection  of  those  plans  or  plan  components 
which  could  then  be  carried  forward  in  time  and  cost  phasing  and 
greater  detail.  The  following  plan  evaluations  use  eleven  major 
evaluation  categories,  as  outlined  in  Section  B following.  The 
categories  represent  a distillation  of  the  range  of  parameters 
detailed  in  the  section  on  Methodology.  The  evaluation  group  is 
concerned  that  the  essential  detail  not  be  submerged,  and  reference 
is  made  to  these  multiple  criteria,  which  should  be  considered  in 
concert  with  the  plan  by  plan  review.  (See  Methodology  page  11.) 

The  evaluators  attempted  consistently  to  derive  the  initial  effects 
from  process  components  for  several  reasons.  First  because  this  is 
whore  primary  effects  arise;  lack  of  effectiveness  or  process  failure 
may  compromise  the  entire  system  and  initiate  a chain  of  unforseen 
events.  Secondly,  data  on  facility  reliability  was  requested  by  the 
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State  of  Ohio.  Thirdly,  the  Interim  Report  of  the  Secretary  of  the 
Army,  speaking  on  the  results  of  the  feasibility  studies,  noted  that 
further  investigation  was  required  regarding  the  effectiveness  and 
reliability  of  the  technology  for  both  water  and  land  disposal.  The 
report  went  on  to  say  that  further  study  of  treatment  effectiveness 
was  "critical  since  the  overall  treatment  processes  proposed  in  these 
studies  have  never  been  utilized  on  a large  scale  in  major  urban 
areas  where  there  is  a wide  and  fluctuating  range  of  domestic, 
commercial  and  industrial  waste  generated." 

The  evaluation,  then,  has  attempted  to  derive  future  effects 
of  the  proposed  technology  and  development,  based  on  the  conditions 
of  the  area  as  far  as  they  could  be  established  and  with  due  regard 
for  the  uncertainities  that  are  inevitable  in  any  project  with  an 
extended  time  horizon. 


B . Major  Evaluation  Categories 
1 . licological  Considerations 

The  assessment  of  the  several  wastewater  management  systems 
for  the  Three  Rivers  Basin^  should  be  based  on  structural  and 
functional  characteristics  of  mature,  stable  and  healthy  ecosystems  . 
The  ecosystem  is  the  basic  functional  unit  in  ecology,  enabling  a 
systematic  study  of  the  complex  inter-relationship  between  living 
organisms  and  the  physical  environment.  For  convenience  in  apply- 
ing ecosys  tem  paratieters , the  area  of  concern  may  be  divided  into 
terrestrial  and  aquatic  ecosystems,  each  including  an  aerial  zone 

and  a soil  and  sub-surface  zone.  Detailed  consideration  was  applied 
to  both  the  aquatic  environment  and  the  land  affected  in  the  Three 
Rivers  Basin,  the  specific  agricultural  areas  of  North  Central  Ohio, 
the  strip  mined  areas  of  Eastern  and  Southeastern  Ohio,  and  Lake 
Erie.  The  attributes  used  to  characterize  the  degree  of  stability, 
maturity  or  health  of  the  ecosystem  are  indicated  under  the  categories 
of  Energetics,  Community  Structure,  Nutrient  Cycling,  Life  History 
(of  aquatic  ecosystems  only)  Selection  Pressure  (also  aquatic) , and 
Overall  Homeostasis.  These  specific  characteristics  are  defined 
in  the  Section  on  Methodology.  In  some  instances,  more  detailed 
consideration  is  given  to  specific  ecological  factors,  which  nec- 
essarily involve  the  greater  environment,  in  other  sections  of  this 
evaluation . 


^The  combined  basins  of  the  Rocky,  Cuyahoga  and  Chagrin  Rivers 
and  certain  minor  streams  tributary  to  Lake  Erie. 
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2.  Resource  Demands 


This  section  is  responsive  to  the  growing  concern  for  the 
conservation  of  non- replaceable  resources,  and  the  consumption  of 
power,  fuel  and  the  various  chemical  participants  in  the  treatment 
of  wastewater.  Also  considered  are  the  resources  within  the  waste- 
water  and  the  secondary  products  in  soil,  vegetation  and  agriculture 
that  may  be  fostered.  Tne  cost  of  clean  water  locally  must  be  inter- 
related to  the  use  of  major  resources,  their  potential  availability 
and  alternate  uses,  and  the  creation  of  equal  or  greater  pollution 
witnin  the  basin,  or  elsewhere,  in  the  product  of  the  energy  and 
the  resources  used.  Policy  planning  will  necessarily  consider  the 
wider  implications  and  priorities  in  this  area. 

3 . Reliability 

The  reliability  factor  combines  a range  of  consideration  appli- 
cable to  all  components  of  the  system,  from  collection  through  disposal. 
Both  system  and  process  elements  are  reviewed  to  consider  whether  a 
plan  can  achieve  a postulated  effluent  level  365  days  a year,  the 
protection  afforded  the  ecosystem  in  case  of  failure  and  the  potential 
for  alternate  and  protective  systems.  Plants,  processes  and  trans- 
mission elements  are  subject  to  biological,  chemical  and  mechanical 
failure,  as  well  as  deficiencies  caused  by  hmnan  error  and  admini- 
strative inadequacy.  Potential  exists  for  the  loss  and  transfer 
of  pollutants,  the  creation  of  nuisances  and  the  release  and/or 
concentration  of  health  hazards. 

The  inadequacies  and  causes  of  failure  in  standard  processes  are 
known  and  can  be  compensated  for,  but  little  information  is  available 
on  the  effectiveness  of  innovative  treatment  designs.  In  this  case. 


r 
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the  process  elements  and  the  environment  surrounding  them  and 
in  whicn  they  operate  are  reviewed  to  determine,  by  analogy  or 
otherwise,  tiie  stress  points,  the  type  of  inter-relationship,  the 
uncertainties  in  snort  or  long  term  operation  and  the  elements  at 
hazard,  such  as  ground  water,  soil  biota  or  viruses  in  the  carbon 
absorption  process.  In  some  instances,  the  best  that  can  be  de- 
termined will  be  the  need  for  specific  research,  monitoring,  or  a 
demonstration  program. 


4 . Land  Use  Changes 

Ihe  consequences  of  planning  a wastewater  management  system, 
or  any  other  water  resource  development,  may  affect  the  future  by 
influencing  public  and  private  decisions  on  the  location  and  timing 
of  other  development,  on  the  use  of  available  land  and  other  resources, 
and  on  the  management  of  services  and  utilities.  Planning  for  waste - 
water  management  is  necessarily  multi-purpose  planning,  and  cannot 
be  confined  from  its  influence  over  other  areas  of  decision  making, 
such  as  the  location  and  use  of  land  for  thermal  power  plants  that 
use  water  for  cooling  or  the  close  coordination  with  planning  for 
land  uses  to  be  served  by  the  project. 

Among  tile  most  important  challenges  to  planners  are  those 
associated  with  local  uses  of  water  and  land,  water  supply  and  waste- 
water  management  for  metropolitan  areas,  and  the  management  and  use 
of  water  for  local  commerce,  domestic  use,  recreation  and  public 
hcaltn.  Land  use  planning  must  be  integrated  with  water  resources 
planning  to  obviate  the  mutual  constraints  that  may  otherwise  be 
generated.  Without  denying  the  importance  of  water  resources  planning, 
it  is  only  one  aspect  of  overall  resources  plan.ning  to  satisfy  human 


wants  . 
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Ilie  laud  requirements  of  the  several  plans  are  projected  against 
a growing  public  unease  over  urban  encroachment,  unregulated  develop- 
ment, and  ti\e  paving  of  prime  farm  lands.  In  the  discussion  of  land 
required  for  wastewater  management , the  possibility  of  concomitant 
public  uses  such  as  open  space  preservati on , flood  control,  environ- 
mental protection,  recreational  potential,  or  agricultural  benefits 
are  introduced.  More  detailed  land  use  planning  is  required. 

tiacii  plan  will  require  significant  amounts  of  land  for  the 
collection,  storage,  transmission  and  treatment  of  stormwater  and 
domestic  wastes.  All  plans  contemplate  such  land  use  controls  as 
are  needed  to  curb  urbaii  runoff  and  other  non-discrete  sources. 

Land  treatment  will  require  the  long  term  commitment  of  major 
acreage,  eitiier  through  public  ownership  or  under  contract.  Property 
values,  land  ownership,  the  tax  base,  and  community  life  may  be 
affected.  Land  irrigation  and  winter  storage  of  effluents  may  create 
ciianges  in  the  ecosystem,  in  soil  conditions  or  utility,  in  crops, 
in  ground  water,  and  in  various  biota  including  wildlife,  plants 
and  insects.  Ihe  alteration  of  the  land  may  have  botli  conservational 
and  detrimental  impacts  and  will  in  any  event  require  a continuing 
management . 

5 . Pul)  1 i c / Po  1 i 1 1 ca  1 Perceptions 

fills  section  of  tlie  evaluation  comprehends  a host  of  social 
and  institutional  parameters  character i cod  in  the  way  that  political/ 
administrative  persons  and  jurisdictions  perceive  tlieir  role  and 
self-interest,  and  the  way  in  wliicli  the  general  pub  I i c - -e  i ther  as 
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individuals,  families  or  communities - -view  the  changes  proposed.  Poli- 
tical feasibility  and  institutional  resistance  or  accommodation  are 
major  considerations  that  will  dictate  whether  a watershed  plan  becomes 
a reality  or  remains  as  a sterile  recommendation.  Thus  the  evaluation 
considers  the  constraints  of  existing  institutional  arrangements, 
the  diffuse  organizational  system  with  their  multiple  preconditioned 
viewpoints,  the  lack  of  coordinated  and  harmonious  goals  across  the 
areas  concerned,  and  the  constraints  to  public  participation  in  plan- 
ning. Intergovernmental  relationships,  both  within  the  basin  and 
interbasin,  now  either  non-existent  or  tenuous,  are  further  exposed 
to  the  hurdles  o f/ in tervas in  transmission  of  treated  or  untreated  sew- 
age, an  urban-rural  conflict  over  the  transfer  of  a metropolitan  prob- 
lem, and  the  necessity  for  devising  and  establishing  an  administrative 
structure  capable  of  financing,  constructing  and  operating  a system, 
monitoring  and  regulating  discharges,  and  providing  the  professional 
manpower  requirements. 

In  addition,  an  attempt  is  made  to  evaluate  the  plan's  impact 
on  the  public's  perception  relating  to  what  is  essentially  a change 
in  the  philosophy  of  waste  treatment,  to  socio-economic  effects  such 
as  changes  in  employment  opportunity,  home  and  community  dislocations, 
changes  in  individual  property  values,  and  in  the  community  tax  base, 
and  finally  esthetic  reactions  to  alteration  of  the  physical  land- 
scape and  the  acceptance  of  technological  and  institutional  innovation. 

6.  Economic  Considerations 

No  attempt  is  made  to  duplicate  in  this  analysis  the  cost  factors 
displayed  in  other  appendices.  Caution  is  recommended,  however,  in 
applying  a straight  cost  analysis  based  only  on  preliminary  capital 
and  operation  and  maintenance  costs.  Among  the  significant  direct 
costs  will  be  tlie  comparative  plant  life  in  tl>e  different  processes. 


Cost  optimization  has  not  been  driven  to  a point  to  preclude  inno- 
vative variations  In  transmission,  treatment  or  reuse  potential. 
Therefore  all  individual  plans  cannot  be  directly  compared. 

The  indirect  economic  factors  cannot  be  ignored.  The  cost 
difference  to  industry  between  a system  that  can  accept  process 
wastes  and  one  that  cannot  may  be  indicated  in  its  relationship  to 
the  regional  economy.  The  synergistic  offset  available  in  the  poten- 
tial for  water  reuse,  as  in  power  plant  cooling  or  industrial 
processing  is  not  quantified,  nor  is  the  effect  of  assured  flood 
control,  stream  augmentation,  or  agricultural  returns. 

Consideration  must  be  given  to  the  financing  arrangements  in 
the  new  legislation,  and  this  is  treated  separately  in  attach- 
ment D.  The  major  land  plans  which  require  heavy  front-end  capital 
costs  and  relatively  minor  operations  and  maintenance  costs  (0  § M) , 
contrast  with  the  water  based  plans  requiring  smaller  capital  out- 
lays and  heavier  0 5 M costs.  The  significance  of  major  long-term 
changes  in  the  pricing  structure  of  treatment  chemicals  cannot  be 
overlooked  since  the  cost  structure  of  the  plans  would  suffer  major 
changes.  In  essence,  the  evaluation  of  costs  must  be  undertaken  in 
a larger  context  than  sewage  treatment. 

7.  Flexibility 

The  concept  of  consideration  of  alternative  futures  in  the 
planning  process  is  an  emerging  one.  The  many  futures  that  can  be 
hypothesized  for  this  area  encompass  such  things  as  policy  choices, 
socio-economic  phenomena  and  life  styles,  physical  phenomena  and 
technological  development.  By  proper  planning,  the  future  that  will 
ultimately  emerge  can  at  least  be  influenced. 

2‘H) 


Planning  has  rarely  taken  alternative  futures  into  account. 
Commonly,  forecasts  have  been  made  of  specific  water  uses  (waste- 


water volumes)  and  specific  plans  made  to  meet  these  uses.  However, 
there  can  never  be  a final  solution  to  a water  resource  problem,  and 
planning  must  be  a continuing  series  of  adjustments  to  changing  con- 
ditions. Planners  should  recommend  only  short-term  commitment  of 
resources  to  the  maximum  feasible  degree,  and  retain  as  many  long- 
term options  as  possible. 

In  exploring  alternative  futures,  both  needs  and  opportunities 
should  be  considered.  "Needs"  are  essentially  forecasts  based  on 
projections  of  past  trends  in  population  distribution  and  economic 
growth.  In  an  absolute  sense,  however,  there  are  few  immutable 
needs  for  water  and  by  extension,  for  wastewater.  Perhaps  the  most 
prominent  and  indispensable  are  water  requirements  for  drinking  and 
for  firefighting.  .Ml  else  will  be  responsive  in  some  degree  to 
policy,  price  or  human  environmental  changes.  Opportunities,  then, 
are  departures  from  the  projection  of  past  trends  to  correct  imbal- 
ances and  take  advantage  of  changing  situations.  Current  technology, 
population,  waste  flows  and  pollution  control  objectives  must  ob- 
viously be  used  as  a base.  But,  while  specific  changes  may  be 
impossible  to  predict,  change  itself  is  inevitable.  It  is  essential, 
therefore,  that  each  plan  permit  a maximum  of  adaptability  to  change 
in  tne  phasing  and  structure,  both  plan  and  plant. 

8 . Stormwater  Management 

The  introduction  of  stormwater  treatment  into  the  framework 
of  wastewater  management  represents  a significant  departure  from 
traditional  practice  and  requires  separate  consideration.  The 


:9i 


effects  that  derive  from  the  collection  and  treatment  of  stormwater 
vary  with  the  level  and  method  of  approach.  Consideration  is  given 
to  the  effectiveness  of  the  plan  in  controlling  stormwater  pollu- 
tion from  separate  and  combined  sewers  and  in  non-sewered  areas, 
the  relationship  of  stormwater  treatment  to  the  requirements  of 
sanitary  and  industrial  sewage  treatment,  and  the  comparative  impact 
of  stormwater  pollution  in  relation  to  the  design  storm  level. 

9 . Hydrologic  Effects 

Proposed  changes  in  the  collection  and  treatment  of  storm- 
water runoff,  the  prevention  of  sewage  overflows,  the  diversion  and 
transmission  of  wastewater,  the  regionalization  of  treatment  and 
disposal,  and  in  some  instances,  the  interbasin  transfer  of  water, 
will  have  an  effect  on  the  current  (which  may  or  may  not  be  the 
natural)  hydrologic  regime  of  the  Three  Rivers  and  of  ceitain  streams 
and  rivers  in  North  Central  Ohio.  Among  the  effects  considered  will 
be  those  on  stream  flow,  on  aquatic  habitats  and  biota,  on  erosion 
and  the  transport  and  deposition  of  sedimentation,  on  flood  control, 
water  supply  requirements  and  sources,  as  well  as  the  potential  for 
multi-purpose  use. 

10 . Residuals 

In  the  treatment  and  reliabi litation  of  wastewater,  pollutants 
of  various  types  are  removed  and  retained  for  disposal.  Depending 
on  treatment  methods,  additional  residuals  are  produced  such  as 
gases,  dissolved  solids,  algae  and  various  chemical  sludges. 

Certain  costs,  requirements  and/or  opportunities  may  be  generated 
by  the  philosophy  of  disposal.  The  major  residual  will  be  an 
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effluent  of  varying  quality  depending  on  the  process  and  the  level 
of  the  treatment  applied.  The  effect  of  effluent  quality  is  consi- 
dered as  well  as  opportunities  for  recycling  and  re-use. 

11 . Disposal  Metliods  ' 

I 

The  improvement  of  wastewater  treatment  cannot  change  the  j 

fundamental  law  of  the  conservation  of  matter.  Although  the  poten- 
tial exists  in  industrial  waste  treatment  to  recapture  some  of  the 
waste  as  a valuable  by-product,  most  pollution  control  will  involve 
the  removal  of  pollutants  from  the  wastewater.  Disposal  of  these 
residues  has  been  increasingly  recognized  as  a problem  with  serious 
environmental  impacts. 

Various  environmental  costs  and  management  requirements  will 
be  generated  by  the  selection  of  disposal  methods  including  power, 
fuel,  transmission,  air  pollution  controls,  and  land  for  fill  or 
for  surface  application.  The  potential  exists  for  either  continued  ' 

wastage  or  for  recycling  of  the  resources  in  waste  and  for  beneficial 
and  rehabilitative  land  uses.  Conversely,  a potential  also  exists 
for  transfer  of  pollution  to  ground  or  surface  water,  to  air,  or  to 
soil  and  crops  in  the  use/disposal  of  residuals.  Extended  and  appro- 
priate management  may  be  necessary  in  the  solution  of  the  problems 
developed  by  such  end  products  as  controlled  agricultural  products, 
industrial  sludges,  and  brines. 
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c. 


INDIVIDUAL  PLAN  liVALUATION 


1 . Plan  I , Level  One , Water  Disposal 
a . General  Features 

The  Northeast  Ohio  Water  Development  Plan  forms  the  basis  for 
Plan  1,  upgraded  to  meet  Level  One  effluent  criteria  rather  than 
stream  quality  standards,  and  to  provide  for  collection  and  treat- 
ment of  urban  storm  runoff.  Domestic  and  compatible  industrial 
wastes  will  be  collected  in  sanitary  systems,  given  tertiary  treat- 
ment, with  the  effluent  released  to  the  rivers  and  to  Lake  Erie. 

All  of  the  flow  in  combined  sewers  will  be  treated  as  if  it  were  sani- 
tary only.  Stormwater  in  separate  sewers  will  be  collected  and 
treated  locally  in  sedimentation  basins,  with  microstraining  and 
chlorination  before  discharge  to  streams. 


Plant  Configuration 

No. 

Typel 

SWTP^  Acreage  in 

Rocky  River 

2 

AWT 

26 

118 

Chagrin  River 

7 

AWT 

30 

68 

Cuyahoga  River 

12 

AWT 

68 

226 

Lake  Erie 

_5 

AWT 

12 

153 

Total 

26 

136 

565 

(1)  Sludge  Disposal 

Holding,  concentration,  incineration-and  disposal  to  landfill  100% 

(2)  Facilities  Required 

In  accordance  with  the  Northeast  Ohio  Water  Development  Plan, 
construction  of  a southwest  interceptor  is  planned,  to  collect  all 


^AWT  - Advanced  Waste  Treatment  (TertiaryJ 
^SWTP  - Stormwater  Treatment  Plant 
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of  the  sanitary  sewage  from  the  Hast  Branch  of  the  Rocky  River  and 


tlie  West  Brandi  from  Liverpool  to  North  Olmsted.  Transmission  will 
be  to  the  Cleveland  Southerly  plant.  Only  Liverpool  on  the  West 
Brandi  and  Lakewood  on  the  Lower  River  will  maintain  discharges  to 
the  Rocky  River,  while  about  40  mgd  will  be  diverted.  Eleven  current 
plants  will  be  phased  out.  Stormwater  management  will  require  up- 
stream ponding  and  overflow  control,  with  treatment  in  storage/ 
sedimentation  basins  sized  for  one  year  storms  and  requiring  a 6-day 
release  period.  The  projected  11,110  acre  feet  of  storage  would 
require  from  600  to  1,000  acres  depending  on  the  depth  of  the  basins. 

(3)  Special  features 

Treatment  facilities  for  domestic/industrial  wastes  are  highly 
regionalized  in  the  Rocky  River  Basin.  Separate  stormwater  runoff 
will  be  treated  in  the  basin  of  origin  and  will  interfere  only 
marginally  with  the  low  flow  of  the  Rocky  River  Branches. 

b . Ecological  Considerations 

The  discussion  of  the  ecological  impacts  of  the  several  plans 
must  be  related  on  a comparative  basis.  Any  statement  made  that  a 
particular  plan  is  the  "least"  or  "most"  responsive  in  any  particular 
characteristic  will  be  relative.  Thus  two  plans  using  a single 
disposal  method  may  both  rate  high  (or  low)  for  the  method.  At  the  ; 

same  time,  plans  using  more  than  one  metliod  (combination  plans)  may 

rate  a moderate  designation  for  a characteristic.  Because  of  the  ; 

1 

variable  ecosystem  impacts  from  a single  aspect  of  one  plan  to  the  ^ 

next,  no  one  plan  can  be  the  best  or  worst  in  toto,  and  any  relative  I 

plan  assessment  may  be  made  only  by  accumulation.  This  will  be 
true  of  otlier  factors  discussed,  as  well  as  ecology. 
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(1)  Community  Energetics 


Plan  1 requres  the  input  of  relatively  large  amounts  of  outside 
resources  and  power  for  its  operation,  does  not  contribute  to  a 
stable  P/R  ratio  (the  ratio  of  gross  production  to  total  community 
respiration  is  probably  one  of  the  best  functional  indexes  of  the 
relative  maturity  and  stability  of  the  ecosystem) , does  not  promote 
complex  food  chains  and  does  not  return  humic  materials  to  the 
ecosystem  of  origin.  The  best  that  can  be  stated  about  its  energy 
consumption  is  that  it  requires  the  least  human  effort  and  resource 
input  in  the  management  of  its  residuals. 

(2)  Community  Structure 

The  plan  provides  the  least  encouragement  to  the  diversity  of 
aquatic  life,  to  highly  organized  communities,  or  to  species  narrowly 
tolerant  of  change,  all  normally  evident  in  a stable  ecosystem. 

The  plan  minimizes  the  biotic  storage  of  plant  nutrients. 

(5)  Nutrient  Cycling 

The  plan  makes  no  provision  for  recycling  of  nitrogen  or 
phosphorus,  destroys  the  organic  sludges,  minimizes  biological  control 
of  nutrient  cycles  and  generates  chemical  sludges  with  poor  reuse 
potential.  However,  it  does  not  threaten  the  quality  of  groundwater 
supplies  except  by  leaching  of  the  incinerator  asli  in  landfill  and 
it  will  have  only  a moderate  effect  on  "natural"  hydrologic  regimes. 

(4)  Life  History 

Niche  specialization,  a larger  size  of  organism  and  longer, 
complex  life  cycles  are  characteristic  of  mature  aquatic  ecosystems. 
This  plan  will  provide  the  least  encouragement  of  this  area. 
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(fi)  Selection  Pressure 

This  plan  will  be  more  compatible  with  leedback  control  of 
population  growth  forms  and  the  control  of  nuisance  organisms  such 
as  insects  and  aquatic  weeds.  It  will  have  the  least  effect  on  the 
control  of  pathogens  in  the  water. 

(6)  Overall  Homeostasis 

Homeostasis  refers  to  the  ability  of  an  ecosystem  to  resist  the 
disruption  of  outside  disturbances.  Plan  1 provides  least  encourage- 
ment to  organism  interrelationships,  interferes  more  with  natural 
ecosystem  succession  development  and  does  nothing  to  promote 
terrestrial  ecosystem  rehabilitation  (strip  mined  areas,  for  instance). 
It  has  the  potential  for  major  discharge  of  potentially  harmful 
chemical  aerosols.  It  requires  the  least  disturbance  of  terrestrial 
ecosystems  or  interconversion  of  land  to  aquatic  ecosystems,  but 
must  be  downgraded  on  its  comparative  protection  of  plant,  animal 
and  human  life  from  potential  cumulative  effects  of  toxic  metals  and 
other  chemicals. 
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c . Resource  Demands 

The  power  required  in  Plan  1,  for  the  achievement  of  level  dne 
effluent  standards,  includes  power  consumed  in  primary  treatment, 
in  aeration,  and  by  tlic  use  of  microstrainers.  The  estimated  con- 
sumption in  the  treatment  of  794  mgd  is  2040  megawatts  per  day. 

At  the  current  cost  of  $0.0121  per  KWH,  tlie  daily  cost  will  be 
$24,684.00.  The  environmental  and  economic  costs  of  this  energy  are 
discussed  in  an  attachment.  The  chemical  demand  totals  474,000 
pounds  per  day  including  chlorine,  alum,  lime  and  polymer  at  an 
estimated  current  cost  of  $12,000  per  day. 
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d . Reliability 

The  reliability  of  any  plan  relates  to  methods  of  treatment  and 
disposal  of  the  residuals.  As  a level  one,  water-based  plan,  a 
conventional  activated  sludge  process  is  used,  followed  by  bacterial 
nitrification  to  remove  ammonia,  mixed  media  filtration,  phosphorus 
removal  and  chlorination.  The  efficiency  and  reliability  of  the 
activated  sludge  process  are  known  from  considerable  experience.  It 
is  necessary  to  indicate,  however,  that  the  effectiveness  of  some 
advanced  treatment  processes  depends  on  the  assured  effectiveness 
of  the  secondary  treatment,  and  that  a failure  of  this  process  due 
to  hydraulic  or  BOD  shock  or  slug  loading  of  any  of  a range  of 
industrial  wastes  can  lead  to  temporary  deterioration  of  the  entire 
process.  The  question  of  the  educational  level  and  quality  of 
personnel  needed  to  run  the  alternate  plans  has  been  raised.  The 
answer  is  that  even  the  simpler  processes  have  failed  and  continae 
to  fail  due  to  the  inadequacy  of  operation,  and  that  the  upgrading 
of  processes  should  not  inordinately  increase  the  level  of  training 
required. 

Chlorination  may  be  expected  to  practically  eliminate  pathogenic 
bacteria  in  the  effluent,  provided  a sufficient  holding  time  is  used 
or  a chlorine  residual  is  maintained.  However,  the  treatment  process 
will  not  remove  the  viral  hazard.  The  lack  of  demineralization  will 
permit  the  flow  through  of  some  toxic  metals,  and  refractory  organics 
will  also  be  present.  A system  failure  would  result  in  the  current 
practice  of  spilling  untreated  wastes  into  the  streams  and  Lake  Erie. 

The  disposal  of  sludges  by  incineration  poses  additional  problems 
in  the  air  pollution  caused  and  in  the  landfill  disposal  of  ash  which 
may  leach  to  the  surrounding  soil  or  to  groundwater,  residual  minerals 
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and  even,  in  some  cases,  undestroyed  bacteria.  Stormwater  treatment 
is  discussed  separately. 

e . Land  Use  Changes 

Lach  of  the  plans  differ  somewhat  in  acreage  requirements  for 
collection,  storage,  transmission  and  treatment  of  stormwater  and 
domestic  wastes.  These  requirements  impact  the  actual  land  to  be 
used  as  well  as  adjacent  land  use  activity.  The  consideration  of  land 
use  controls  in  the  region  for  effective  limitation  of  stormwater 
runoff  has  been  discussed  previously  in  tliis  report  and  can  generally 
be  related  to  all  plans.  In  evaluating  the  individual  plans  compar- 
atively, changes  in  land  use  arc  considered  in  terms  of  the  quantity 
and  use  of  the  required  land,  as  well  as  the  scope  of  land  areas 
affected. 

Plan  1 is  confined  to  the  Three  Rivers  Basin.  Its  major  land 
requirements  are  for  136  sedimentation-storage  ponds  and  right-of- 
way  for  the  Southwest  interceptor.  Over  800  tons  per  day  of  sludges 
for  incineration  will  require  additional  acreage  for  landfill. 

Although  landfill  sites  inhibit  multi-use  potential  and  present 
aesthetic  problems  of  odor  and  negative  visual  images,  the  storage 
sedimentation  reservoirs  offer  some  potential  for  compatible  recrea- 
tion activity.  The  most  highly  urbanized  areas  in  the  basin  will 
collect  stormwater  in  the  form  of  underground  chambers  or  concrete- 
lined  tanks,  wliile  the  majority  of  storage  areas  are  likely  to  be 
ponds  with  natural  earth  bottoms.  Single  purpose  use  of  this  land 
for  stormwater  collection  neglects  consideration  of  the  storage  ponds 
for  recreational  purposes  which  may  appear  more  beneficial  and 
acceptable  to  the  public.  Slight  alteration  in  the  reservoir  design 


would  provide  fishing  and  boating  opportunities  during  most  of  the 
warmer  months,  and,  due  to  their  shallowness  during  normal  times, 
the  ponds  cou^d  be  used  for  skating  during  winter.  Management 
requirements  would  necessitate  enclosing  the  reservoir  for  shutdown 
during  a major  storm  and  prohibiting  public  use  until  the  water  returns 
to  a safe  level  and  acceptable  degree  of  clarity.  For  a large 
portion  of  the  year,  however,  recreational  activity  could  be  enjoyed. 

Some  general  benefits  for  land  development  will  derive  from  the 
plan's  Level  One  quality  treatment;  improved  water  quality  would 
enhance  the  potential  of  land  adjacent  to  the  water  body. 

f . Political/Public  Perceptions 

As  was  indicated  in  the  general  considerations,  institutional 
factors  are  integral  to  evaluation  of  the  plan's  implementation 
potential.  However,  since  political  and  public  perceptions  cannot 
be  neatly  arranged  nor  predicted  at  the  drawing  board  this  evaluation 
area  is  critically  dependent  on  the  responses  of  both  public  officials 
(local  and  state) , and  the  general  citizenry  (local  communities 
and  the  region  as  a whole).  The  plail's  acceptability  rayStt 
be  assessed  in  terms  of  relative  harmony  with  the  goals  and  objectives 
of  the  region's  various  publics,  and  with  the  flexibility  of 
institutions . 

Political  and  public  reactions  are  difficult  to  anticipate  or 
to  compare  among  the  individual  plans.  However,  the  factors  certainly 
include  the  degree  of  regionalization,  both  physically  and  in  terms 
of  administrative  scope,  the  relative  amount  of  land  required  and 
its  associated  individual  and  community  disruption,  versus  multiple 
use  opportunities  and  conservational  improvements.  The  waste  or 
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recycling  of  resources  will  be  a major  factor,  given  a continuance 
of  the  present  public  environmental  concern.  In  very  general  terms 
there  will  probably  be  no  insuperable  public  or  legislative  obstacles  to 
regionalization,  given  tlie  federal  and  state  insistence  on  basin- 
wide planning.  Prior  planning  in  the  Three  Rivers  Watershed 
District  has  established  some  precedent.  Regionalization  has  received 
a court  mandated  beginning  in  the  Cleveland  area.  Water  quality 
problems  are  widely  exposed  by  both  media  and  various  environmental 
groups  in  the  area  and  offer  a firm  basis  for  a program  of  public 
educat ion . 

Plan  1,  based  on  the  Northeast  Ohio  Water  Development  Plan  but 
upgraded  from  stream  quality  standards  to  meet  Level  One  effluent 
criteria,  would  have  the  impetus  afforded  by  that  planning  effort 
in  appealing  for  channels  of  official  and  general  public  acceptance, 
due  to  its  congruence  witli  current  planning  activity.  However,  the 
technical  feasibility  of  Plan  1 as  compared  to  alternatives  must  be 
considered  in  terms  of  the  evaluation  factors  elsewhere  presented  in 
this  report. 

The  additional  costs  involved  in  tlie  upgrading  to  Level  One 
criteria  from  the  Northeast  Ohio  Water  Development  Plan's  stream 
quality  standards  may  be  largely  a function  of  the  State's  formal 
position  on  regulating  water  quality  at  a given  level.  Plan  1 suffers 
deficiencies  in  multiple  use  opportunities  of  the  wastewater  treat- 
ment process  relative  to  otlier  alternatives,  and  this  may  inhibit 
public  acceptance.  The  design  for  100"  sludge  incineration  may  be 
publicly  j)crccived  as  a waste  of  resources  which  could  provide  reuse 
benefits  related  to  regional  goals. 


g . Flexibility 

The  advanced  biological  system  used  in  all  Level  One,  water  based 
plans  is  essentially  a conventional  activated  sludge  process  with 
add-on  treatment  units  for  removal  of  specific  pollutants.  Changes 
in  quality  of  influent  or  effluent  required  can  be  met  by  process 
additions  or  by  conversion' to  land  filtration.  Adjustment  to  increased 
hydraulic  flow  is  only  marginally  possible,  while  reduced  flow 
would  merely  decrease  the  utility  rate  of  the  plant.  The  plan  for 
the  Southwest  interceptor  is  a major  commitment  which  would  inhibit 
subsequent  changes  in  treatment  in  the  Rocky  River  Basin. 

h . Stormwater  Management 

Urban  runoff,  collected  in  either  separate  or  combined  sewer 
systems,  adds  major  pollution  loads  to  the  waters  of  the  basin.  Some 
163  sub-drainage  basins  are  identified  within  the  Three  Rivers  Basin, 
with  the  runoff  being  collected  in  systems  ranging  from  122  to  136 
separate  areas.  Stormwater  is  collected  and  stored  to  control  the 
flow  to  treatment  facilities  and  to  take  advantage  of  the  sedimentation 
capabilities  of  the  storage  to  reduce  BOU  and  suspended  solids.  Each 
plan  will  control  all  combined  overflows.  Each  plan  will  provide 
storage  and  treatment  capacity  for  at  least  the  one-year  storm. 

Each  plan  envisions  certain  land-use  regulations  to  limit  runoff  and 
measures  to  control  non-point  sources  of  pollution. 

With  the  expected  increase  in  urbanization,  stormwater  runoff 
from  combined  and  separate  sewered  areas  in  2020  would  amount  to  63°c 
of  the  total  runoff.  Level  One  treatment  would  be  expected  to  remove 
681  of  BOD  and  6Z%  of  suspended  solids  at  that  time,  plus  increments 
of  nitrogen  and  phosphorus.  Level  Two  stormwater  treatment  would  be 
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expected  to  remove  91%  of  BOD  and  11%  of  suspended  solids,  again 
based  on  2020  evaluation  of  the  total  (including  rural  runoff). 

Given  a level  one  treatment  applied  to  both  municipal  sewage 
and  stormwater  runoff,  urban  runoff  will  contribute  tiie  following 
percentage  of  residuals  to  receiving  waters:  Suspended  Solids--20o; 

BOU--36I;  Total  Nitrogen- -4% ; and  Phosphorus- -251 . If  level  two 
treatment  were  applied  to  municipal  sewage  while  urban  runoff 
received  only  Level  One  treatment,  stormwater  residuals  would  then 
amount  to  the  same  quantity  but  as  a percentage  of  total  discharge 
would  be;  Suspended  Solids--46l;  B0D--B9%;  Total  Ni  trogen  - -40-6 ; 
Phosphorus -- 55 0 . While  the  relative  increase  is  sizeable,  the 
impact  on  the  aquatic  ecosystem  will  have  to  be  assessed,  and  this 
probably  cannot  be  done  until  the  effect  of  other  reductions  can 
be  examined.  At  any  rate,  the  vast  increase  in  cost  between  Level 
One  and  Level  Two  stormwater  treatment  will  require  the  most  care- 
ful examination. 

The  removal  of  suspended  solids  and  BOD  from  stormwater  by 
microstraining  represents  continuous,  relatively  trouble-free 
operation,  nasy  to  control  and  with  a low  maintenance  cost.  Removal 
capability  varies  from  about  75-90°6  down  to  a minimum  of  5 ppm. 

A major  advantage  is  the  small  space  occupied  in  relation  to  fixed 
filtration  beds.  However , the  installation  is  subject  to  hydraulic 
overload  and  must  have  holding  basins  to  control  the  rate  of  flow. 

Plan  1 will  treat  stormwater  in  132  separate  basins,  providing 
screening,  storage  and  sedimentation,  microstraining  and  final 
disinfection  by  ozonation 


i . Hydrologic  Effects 

Plan  1 is  a water-based  plan,  returning  treated  municipal  effluent 
to  streams  and  Lake  Lrie  and  treating  stormwater  close  to  the  sub- 
basin of  origin  before  release  to  streams.  The  major  regionalization 
indicated  by  this  plan  is  not  supposed  to  have  significant  effects 
on  the  flow  of  the  three  rivers.  Most  affected  will  be  the  Rocky 
River  which  obtains  much  of  its  water  at  this  time  from  streams  and 
reservoirs,  although  Cleveland  water  is  moving  into  the  Brunswick 
area.  The  East  Branch  will  lose  about  4.4  cfs,  while  the  North  and 
West  Branches  will  lose  more  than  23  cfs  at  several  locations  which 
will  be  returned  to  the  river  at  Liverpool,  Data  on  the  current 
mean  flows  of  these  minor  tributaries  are  not  available  for  comparison, 
although  the  loss  in  the  East  Branch  exceeds  the  mean  flow  at  Berea 
at  times.  The  effect  of  the  diversion  of  61.7  cfs  at  North  Olmstead 
is  described  as  not  significant  even  though  there  is  general  agree- 
ment that  flow  augmentation  would  greatly  improve  the  esthetic  quality 
of  the  river. 

j . Residuals 

Residuals  from  i Ian  I's  water  treatment  to  Level  One  criteria 
includes  over  800  tons  per  day  of  secondary  sludges  for  incineration 
and  124,000  tons  of  stormwater  sedimentation  per  year.  Some  oppor- 
tunity exists  for  recycling  the  sedimentation  for  use  as  topsoil, 
fertilizer  and  landfill  by  public  works  or  private  parties.  The 
incineration  of  sludges  will  produce  oxides  of  nitrogen  and  sulfur, 
particulates  and  various  volatiles;  it  involves  destruction  of  a 
resource  and  loss  of  opportunity  for  recycling. 


k.  Disposal  Methods 


k, 


The  incineration  of  sludge  generates  demands  on  outside  resources 
for  power,  fuel,  transportation,  and  landfill  areas.  Air  pollution 
control  will  be  required.  There  will  be  potential  leaching  from  the 
landfill  disposal  of  the  incinerated  residuals.  The  residue  is 
strongly  basic  and  will  produce  localized  sulfates  and  chlorides. 

Industrial  reuse  potential  for  the  effluent  as  process  and 
cooling  water  will  exist  for  factories  in  the  lower  Cuyahoga  Valley 
ir  close  proximity  to  the  Cleveland  Southerly  Treatment  Plant. 

Limited  streamflow  augmentation  will  be  provided  in  some 
upper  reaches  of  the  Chagrin  and  Cuyahoga  Rivers,  and  thus  may 
favorably  affect  stream  use  for  recreational,  environmental  and 
water  supply  purposes. 


I 
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Plan  2,  Level  One,  Laud  Treatment 


a . General  Features 

Plan  2 is  an  all  land  treatment  system,  providing  secondary 
treatment  to  domestic,  compatible  industrial  and  combined  sewage 
before  application  to  the  land  within  the  basin  and  to  the  west. 
Separate  storm  runoff  will  be  collected  and  treated  locally  by 
sedimentation,  microstraining  and  chlorination  before  discharge  to 
land  or  water.  Land  filtration  is  expected  to  provide  tertiary 
treatment  to  secondary  effluent  with  underdrainage  and  discharge  to 
adjacent  streams.  Longterm  winter  storage  will  be  required. 

Plant  Configuration  No . Type  Stv'TP  Acreage  in  Basin 
Rocky  River  8 S 2b  3,983 

Chagrin  River  7 S 30  4,200 

Cuyahoga  River  13  S 68  15,039 

Lake  Lrie  5 S 12  

55  136  21,222 

(1)  Sludge  Disposal 

Concentration,  stabilization  and  transmission  to  stripmines  95.6 
Concentration,  stabilization,  disinfection,  land  treatment  6.4o 


(2)  Facilities  Required 

A land  treatment  area  of  18,783  acres  will  be  required  in  tlie 
Three  Rivers  Basin;  winter  storage  will  take  an  additional  2439  acres, 
20  feet  deep.  Storm  water  treatment  will  require  upstream  ponding, 
overflow  holding  basins  and  s torage - sedimentation  basins  sized  for 
storage  of  tne  1-year  storm.  Seven  hundred  to  1,000  acres  of  storm 
water  detention  will  be  needed  where  land  application  is  scheduled. 
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sizing  must  be  increased  to  accommodate  winter  storage.  An  effluent 
tunnel  capable  of  transmitting  679  mgd  to  agricultural  land  in  North 
Central  Oiiio  is  projected,  with  about  152,000  acres  of  treatment  and 
winter  storage  area  required. 

(3)  Special  Features 

The  use  of  storage  reservoirs  for  the  flow  returned  from  land 
treatment  is  planned,  generally  in  the  areas  proposed  by  the 
Nortnwest  Ohio  Water  Development  Plan.  The  reservoirs  will  be  used 
to  control  tne  flow  in  the  rivers  affected.  The  application  rate 
in  tnis  plan  will  be  gauged  to  the  rate  of  crop  uptake  of  nitrogen. 
Land  treatment  return  flows  in  the  Upper  Cuyahoga  River  will  be  used 
to  supplement  Lake  Rockwell  and  ground  water  supply  in  the  basin. 

The  concept  of  the  rehabilitation  of  strip  mined  lands  in  eastern 
Ohio  counties  is  introduced,  using  sludge  transmitted  from  secondary 
plants  via  an  existing  pipe  line  to  Harrison  County. 


b.  ecological  Considerations 
(1)  Community  Energetics 

Plan  2 requires  the  least  input  of  irreplaceable  resources  in 
the  form  of  energy  and  processing  chemicals.  Energy  requirements  for 
treatment  alone  are  moderate.  It  contributes  most  toward  a stable 
P/R  ration  (functional  index  of  the  stability  of  the  ecosystem), 
promotes  tne  development  of  complex  food  chains  and  will  minimize 
the  return  of  humic  material  to  tlie  ecosystem  of  origin.  It  will 
require  the  highest  amount  of  labor  and  energy  to  maintain  stability 
in  receiving  ecosystems  (agricultural  lands,  strip  mines). 


divei'sity  of  aquatic  life  than  Level  Two  plans.  For  tiie  same 


reason,  tnere  is  a lesser  contribution  to  the  development  of 
stratification  and  organized  communities,  or  to  species  with  a 
narrow  tolerance  to  environmental  factors.  In  the  land  treatment, 
biotic  storage  of  plant  nutrients  is  maximized. 


(3)  Nutrient  Cycling 

Plan  2 maximizes  recycling  of  nitrogen  and  phosphorus,  reuse 
of  organic  sludges  as  soil  conditioners,  and  biological  control  of 
nutrient  cycles.  The  plan  generates  the  least  sludges  with  poor 
reuse  potential.  The  plan  has  the  potential  of  disturbing  "natural" 
hydrologic  regimes  and  threatening  the  quality  of  ground  water 
supplies  tnrough  tne  leaching  of  nutrients. 

(43  Life  History 

Niche  specialization,  a larger  size  of  organism  and  longer, 
complex  life  cycles,  all  characteristic  of  mature  aquatic  ecosystems, 
are  encouraged  by  this  plan.  Although  land  treatment  generally  will 
achieve  a higher  effluent  quality.  Level  One  stormwater  treatment 
with  discharge  to  water  will  reduce  this  characteristic  to  a moderate 
level . 

(5)  Selection  Pressure 

This  plan  will  provide  less  feedback  control  of  aquatic  population.'- 
Since  disturbed  ecosystems  (in  land  use)  may  produce  rapidly  growing 
nuisance  organisms,  this  system  is  potentially  vulnerable.  Control 
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of  pathogens  in  effluent  is  potentially  high. 
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(6)  Overall  ilomeostasis 

Homeostasis  refers  to  the  ability  of  an  ecosystem  to  resist 
the  disruption  of  outside  influences.  Plan  2 provides  least 
encouragement  to  organism  interrelationships,  interferes  more 
with  natural  ecosystem  succession  development,  but  promotes  the 
renabilitation  of  damaged  ecosystems  in  strip  mined  territory. 

Tne  plan  generates  lesser  quantities  of  potentially  harmful  aerosols, 
but  provides  lesser  protection  for  system  failure  in  some  aspects. 

The  plan  will  require  major  disturbances  in  terrestrial  ecosystems 
(land  use)  and  considerable  interconversion  of  aquatic  and 
terrestrial  systems  (storage  ponds) . It  is  most  protective  of 
plait,  animal  and  human  life  from  potential  accumulation  of  toxic 
metals  and  other  chemicals. 

c . Resource  Demands 

Power  requirements  in  Plan  2 for  Level  One  treatment  standards 
includes  power  consumed  in  secondary  treatment.  The  estimated 
consumption  in  treatment  alone  is  1730  megawatts  per  day.  Transmission 
costs  are  not  included.  At  the  current  cost  of  $0.0121  per  KWH,  the 
daily  cost  will  be  $20,933.00.  The  enviromental  and  economic  costs 
of  future  energy  supply  are  discussed  later  in  this  report.  The 
chemical  demand  totals  118,000  pounds  per  day  in  lime,  alum,  chlorine 
and  polymers  with  an  estimated  current  value  of  $3,855  per  day. 

d.  Reliability 

Plan  2,  is  an  ail  land  plan  requiring  secondary  treatment  of 
sanitary  wastes  by  activated  sludge  treatment  within  the  Three  Rivers 
Basin  and  transmission  of  most  of  the  secondary  effluent  by  tunnel  to 
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land  in  .s'oi'th  Central  Ohio.  Tne  effluent  would  be  applied  by  one 
of  several  irrigation  tecimiques,  filtered  by  the  solid  and  returned 
tlirough  under-drains  to  collection  points  or  discharged  to  streams. 

I'he  reliability  of  tlie  land  treatment  is  widely  accepted  but  the 
operator  has  essentially  no  control  over  the  treatment  process  once 

: tne  wastes  are  applied.  fhe  efficiency  of  the  system  will  depend 

on  the  strictest  management  of  application  relative  to  climatic  and 
soil  conditions,  environmental  monitoring,  and  crop  supervision. 

Land  treatment  is  relatively  independent  of  changes  in  quantity  or 

* 

quality  of  effluent  and  may  oe  expected  to  compensate  for  failures 
in  secondary  treatment.  A breakdown  in  major  transmission  lines, 
particularly  the  single  effluent  tunnel,  would  result  in  the  discharge 
of  secondary  effluent  to  the  waterways. 

The  plan  anticipates  the  retention  of  metals  in  the  soil  with 
a resultant  buildup.  While  this  fixation  is  more  advantageous  than 
tne  uncontrolled  discharge  to  water,  the  question  of  selective 
uptake  of  metals  by  plants  being  used  for  numan  or  animal  food  needs 
further  investigation.  At  the  same  time,  cropping  is  essential  to 
removal  of  nitrogen  from  the  effluent  deposition.  There  is  a 
iiazard  in  the  irrigation  process  of  spreading  bacterial  populations 
but  the  filtration  process  and  the  hostile  and  competitive  population 
in  the  soil  reportedly  removes  all  bacteria.  Virus  removal  is  less 
certain.  The  information  on  ground  water  quality  in  areas  suggested 
for  treatment  is  minimal  and  needs  to  be  upgraded  to  provide  a base- 
line before  land  application  is  initiated. 
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e . Laud  Use  Changes 

Plan  2 proposes  the  application  of  secondary  effluent  to  land, 
the  creation  of  reservoirs  for  winter  storage,  and  additional  acreage 
requirements  for  stormwater  detention  and  treatment.  Major  trans- 
mission lines  will  be  required  to  pipe  effluent  from  the  Akron-Cleveland 
areas  to  agricultural  lands  in  North  Central  Ohio.  Pipelines  will 
be  needed  to  carry  sludge  from  the  basin  to  strip  mine  areas  in 
eastern  Ohio,  but  an  unused  coal  slurry  pipeline  from  Lake  Brie 
to  Harrison  County  will  either  serve  or  provide  right-of-way.  Land 
treatment  is  planned  for  more  than  170,000  acres  of  agricultural 
land,  with  over  20,000  acres  in  the  basin.  Additional  land  will 
receive  sludge  for  reclamation,  but  since  this  is  largely  unusable 
at  present,  no  constraiiit  is  anticipated. 

If  the  land  for  treatment  areas  is  purchased  by  public  agencies, 
considerable  acreage  would  be  lost  to  the  tax  duplicate  in  several 
western  counties.  Significant  dislocation  of  farm  families  could 
result,  although  some  might  remain  in  land  management.  Similar 
displacement  will  result  in  more  densely  populated  basin  areas  where 
even  a minimal  disruption  may  be  exaggerated  by  community  reaction. 

An  alternative,  warranting  careful  consideration,  would  be  the  re- 
tention of  private  farm  ownership  with  farms  accepting  secondary 
effluent  on  a long  term  contractual  basis.  In  addition  to  constraining 
community  disruption  and  offering  potential  production  increases  to 
farmers,  such  a program  would  avoid  the  cost  of  farm  management.  In 
areas  adjacent  to  the  treatment  sites,  property  values  may  drop  as  a 
result  of  deflated  aestiietic  perceptions  associated  with  sewage 
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treatment.  However,  adequate  public  communication  programs,  and 
proper  management  could  alleviate  the  disaffection. 


Land  management,  particularly  in  the  basin,  could  provide 
significant  open- space  and  wildlife  habitats.  Land  treatment  sites 
could  be  advantageously  located  in  areas  where  unique  biological 
habitats  merit  preservation  and  in  paths  of  urban  development  where 
conservation  of  greenbelts  is  appropriate. 

Of  major  importance  in  this  plan  is  the  transmission  of  secon- 
dary sludges  to  strip  mine  areas  for  reclamation  purposes.  The 
application  of  high  pH,  high  organic  and  high  nutrient  value  sludges 
to  acid  subsoil  will  serve  to  recondition  and  fertilize  the  soil. 
Considering  the  availability  of  thousands  of  acres  of  vandalized  land, 
tnis  constitutes  a conservation  measure  of  high  priority. 

The  application  of  waste  waters  to  thousands  of  acres  of  land 
will  create  a wetter  ecosystem  which  can  disturb  the  natural  state 
of  the  area,  modify  the  micro-climate,  may  alter  the  land  form, 
vegetation  and  wildlife,  increase  evaporation  loss,  and  may  create 
environments  for  new  life  forms,  particularly  plants  and  insects. 

The  change  in  insect  population  and  the  provision  of  cover  for  wild- 
life may  also  affect  the  incidence  of  plant,  animal  and  human  disease 
on  a host-vector  basis.  The  requirement  for  crop  removal  of  nitrates 
may  mandate  a managed  agriculture  in  the  area  and  could  lead  to 
local  oversupply  and  marketing  problems. 

Stormwater  sedimentation/storage  reservoirs  offer  potentials 
similar  to  those  outlined  in  Plan  1.  The  large  volume  capacities  of 
winter  storage  reservoirs  associated  with  land  treatment  may  offer 
potential  for  power  plant  cooling  if  properly  sited,  thereby  con- 
straining the  thermal  pollution  of  Lake  Erie  for  cooling  purposes. 
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Political/Public  Perceptions 


Plan  I introduces  land  treatment  of  secondary  effluent  in  the 
wastewater  management  process  and  concerns  land  in-basin,  agricultural 
lands  in  North  Central  Ohio  and  stripmined  land  south  of  the  water- 
shed. Essentially,  the  land  treatment  process  involving  extra-basin 
areas  will  present  increased  pressure  against  political  and  administra- 
tive acconunodation . A significant  impact  on  the  public  perception  can 
be  expected,  due  to  the  high  visibility  and  large  areas  required  for 
land  treatment. 

The  requirement  for  extra-basin  transmission  of  secondary 
effluent  may  well  create  major  problems  of  public  acceptance  in  the 
western  basin,  especially  if  not  preceded  by  adequate  demonstration 
and  in-basin  acceptance  of  land  treatment.  The  intergovernmental 
structure  required  for  land  acquisition  and  management  of  land 
treatment  processes  will  largely  depend  on  public  demand  for  con- 
servation of  resources  and  application  of  environmental  controls, 
as  well  as  administrative  flexibility. 

The  land  treatment  process  will  be  more  likely  to  gain  public 
approval  if  the  specific  uses  of  the  land  are  congruent  with  adjacent 
land  use,  can  provide  multiple-use  activities,  and  do  not  degrade 
the  present  appearance  of  the  landscape.  Thus,  land  sites  would  be 
more  acceptable  if  supportive  of  recreational  development  or  agri- 
cultural activity.  Sludge  application  on  strip  mine  land  in 
Harrison  County  or  adjacent  areas  should  evoke  strong  public  favor, 
due  to  the  overwhelming  benefit  of  reclaiming  vandalized  land;  this 
use  contrasts  to  the  alternate  sludge  disposal  process  of  incinera- 
tion and  landfill,  whicli  wastes  resources. 

SL5 
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Flexibility 


F’laii  2,  as  most  land  plans,  begins  with  conventional  activated 
sludge  treatment  witn  the  secondary  effluent  transmitted  to  selected 
land  areas  for  treatment  by  passage  through  a soil  filter.  The 
land  treatment  process  is  essentially  indifferent  to  changes  in 
effluent  quality  and  can  be  adjusted  to  quantity  changes  by  the 
use  of  more  or  less  land.  The  development  of  complete  and  valid 
secondary  treatment  in  the  basin  will  be  compatible  with  either 
land  or  fixed  tertiary  treatment.  The  use  of  land  in  the  upper 
basins  for  treatment  can  readily  expand  within  limits  or  revert, 
ilowever,  a decision  for  construction  of  transmission  facilities  to 
apply  nutrients  to  agricultural  lands  in  North  Central  Ohio  would 
essentially  commit  the  area  to  this  form  of  treatment  for  the  use- 
ful life  of  the  system. 


h , Stormwater  ■•lanagcment 

I'he  discussion  of  stormwater  in  Plan  1,  generally  applies  to 
this  plan  as  well.  Stormwater  will  be  treated  in  132  basins  by 
screening,  storage  and  sedimentation,  microstraining  and  final 
disinfection  by  ozonation.  Tne  effluent  would  be  released  locally, 
eit'lier  to  land  in  sections  of  tlie  upper  basin  or  to  water. 


i . Hydrologic  effects 
Tne  hydrologic  significance 
transfer  of  nearly  700  mgd  of  was 
Rivers  basin  to  Nortn  Central  Ohi 
greater  flow  is  contributed  by  la 
tiiat  area  but  tiie  effluent  from  s 


of  an  all  land  plan  lies  in  the 
tewater  generated  in  the  Three 
o basins.  In  the  upper  basins, 
nd  treatment  than  is  generated 
anitary  treatment  in  the  middle 
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lower  basins  is  not  returned  to  tlie  river.  This  amounts  to  58  mgd 
in  tlio  Rocky  River,  24  mgd  in  tlie  Chagrin  River  and  about  525  mgd  in 
the  middle  and  lower  Cuyahoga.  The  amount  normally  discharged  directly 
to  Lake  £rie  is  not  considered.  While  these  amounts  do  not  approach 
themean  flow  they  are  considerably  above  the  critical  low  flow  for 
each  river. 

Two  nydroiogic  effects  are  noted  in  the  river  basins  to  the  west: 
the  introduction  of  excess  water,  and  the  drainage  of  large  areas  of 
land.  The  effect  of  drainage  will  be  to  lower  the  water  table  by 
accelerating  tiie  draw-down  of  the  normal  supply.  The  impact  of  the 
return  flow  from  irrigation  would  be  to  increase  discharge  to  local 
streams  during  the  irrigation  season.  The  maximum  potential  return 
flow  is  never  greater  thai  151  of  the  mean  annual  flood.  The  use 
of  up-ground  reservoirs  as  contemplated  in  the  Northwest  Ohio  Water 
Development  Plan  and  the  release  of  water  during  low-flow  periods  in 
summer  are  indicated.  Erosion  and  deposition  mechanisms  in  the 
streams  affected  will  require  further  study. 


j . Residuals 

Residuals  from  tne  secondary  treatment  plants  in  Plan  2 include 
511  dry  tons  per  day  of  secondary  sludges  and  about  124,000  tons  of 
stormwater  sedimentation  per  year.  Ninety-four  percent  of  the  sludge 
is  scheduled  for  strip  mine  application  and  the  rest  for  land 
application.  Sedimentation  residues  are  to  be  used  as  top  soil 
or  land  fill.  All  of  the  effluent  will  be  used  for  land  irrigation. 

k . Disposal  Methods 

Tile  costs  generated  by  disposal  include  the  major  transmission 
costs  of  the  effluent  plus  the  management  required  for  strip  mine 
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rehabilitation  and  agricultural  operations.  The  effluent  disposal 
constitutes  a major  recycling  of  valuable  nutrients  through  crop 
production.  The  reservoirs  for  low  flow  management  will  antici- 
pate a potential  use  for  power  plant  cooling.  Power  plant  cooling 
potential  also  exists  in  use  of  the  effluent  tunnel  for  once  through 
cooling  by  shoreline  power  plants.  Opportunity  exists  for  land 
treatment  of  the  wastes  of  many  cities  in  Northern  Ohio  which  lie 
near  the  effluent  tunnels  in  this  plan. 
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■’ • 1*1  afi  5,  Two,  (Vator  i>isposal 

a . General  Features 

Uomestic,  compatible  industrial  and  all  urban  storm  runoff  will 
be  collected  and  treated  in  advanced  wastewater  treatment  plants. 
Separate  stormwater  will  be  stored  and  treated  in  offpeak  capacity 


of  the  AWT  plants. 

Smaller 

plants , 

less  regionalized  than  Plan  1, 

are  used  in  upper  basins,  thus  augmenting  r 

iver  flows  . 

Plant  Conf Iguration  Wo 

. Type 

SWTP 

Acreage  in  Basin 

Rocky  River 

7 

AWT 

For  Stormwater 

Chargin  River 

7 

AWT 

detention  only 

Cuyahoga  River 

10 

AWT 

Lake  Hrie 

s 

AWT 

Total 

29 

0 

2,100 

(1)  Sludge 

Disposal 

Concentration 

stablization  and 

transmi 

ssion  to  strip  mines  37i 

Holding,  conce 

ntration , 

incinceration , 

ash  to  landfill  bl°s 

Concentration , 

stabilization. 

dis infec 

tion,  land  treatment  2t 

(2)  I'acilities  Required 

In  the  treatment  of  urban  runoff,  to  Level  Two  standards, 
stormwater  is  collected  in  13b  detention  basins,  providing  storage 
for  an  average  30  day  rainfall  (9,915  mg).  The  runoff  is  held  for 
mixing  and  flow  levelling  and  is  discharged  into  the  sewer  system 
and  carried  to  the  plant  for  treatment  during  the  hours  of  low 
sanitary  flow. 
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(3)  Special  Features 

stormwater  flows  to  the  sanitary  treatment  system  are  so  large 
tnat  they  dictate  plant  enlargement  over  the  required  capacity  to 
treat  the  average  muiiicipai  flow.  Since  many  stormwater  basins 
discharge  into  each  treatment  plant,  extensive  automatic  flow  con- 
trols will  be  required  to  prevent  loadings  beyond  tne  peak  design 
sanitary  flow. 

b . Ecological  Considerations 

(1)  Community  Energetics 

Plan  3 requires  the  input  of  relatively  large  amounts  of  out- 
side resources  and  power  for  its  operations,  does  not  contribute  to 
a stable  P/R  ratio  (functional  index  of  the  stability  of  an  ecosystem), 
does  not  promote  complex  food  chains  and  provides  only  a moderate  re- 
turn (5i)»)  of  humic  material  to  the  ecosystems.  It  requires  a 
moderate  expenditure  of  energy  to  maintain  stability  in  receiving 
ecosys  terns . 

(2)  Community  Structure 

As  a Level  Two  plan,  this  provides  most  encouragement  to 
diversity  of  aquatic  life,  to  highly  organized  communities  and  to 
species  witn  a narrow  range  of  tolerance  to  the  environment,  all 
normally  evident  in  a stable  ecosystem.  I'he  plan  minimizes  biotic 
storage  of  plant  nutrients. 

I (3)  Nutrient  Cycling 

I'iie  plan  makes  some  provision  for  recycling  of  nitrogen  and 
pnospnorus,  but  destroys  much  of  the  organic  sludges,  minimizes 
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biological  control  of  nutrient  cycling  and  generates  large  amounts 
of  chemical  sludges.  It  may  provide  a moderate  threat  to  ground 
water  quality  by  leaching  oi  incinerator  ash  from  landfill  but 
will  have  little  effect  on  "natural"  hydrologic  regimes. 

(4)  Life  History 

As  a level  two  plan,  this  will  provide  most  encouragement  to 
niche  specialization,  a larger  size  organism  and  longer,  more  complex 
life  cycles,  all  of  whicii  are  characteristic  of  mature  ecosystems. 

(5)  Selection  Pressure 

This  plan  will  be  more  compatible  witn  feedback  control  of 
growth  forms,  and  tiie  control  of  nuisance  organisms.  It  will  have 
a lesser  effect  on  the  control  of  pathogens  in  water. 

(6)  Overall  Homeostasis 

Homeostasis  refers  to  the  ability  of  an  ecosystem  to  resist 
disruption  by  outside  influences.  Plan  5 provides  least  encourage- 
ment to  organism  interrelationships , interferes  more  with  natural 
ecosystem  succession  and  promotes  a limited  rehabilitation  of  a 
damaged  ecosystem  (strip  mines) . The  plan  provides  maximum  protec- 
tion for  the  ecosystem  in  the  event  of  mechanical  failure,  generates 
a moderate  amount  of  potentially  harmful  aerosols  by  regeneration 
and  incineration,  but  provides  the  least  disturbance  to  the  land. 

At  level  two  it  provides  moderate  protection  from  the  cumulative 
effects  of  metals  and  otner  toxins. 
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c . Resource  iJeinaiids 

Plan  3 requires  24b0  megawatts  per  day  of  power  for  the  pro- 
vision of  tertiary  treatment,  including  carbon  absorption, 
denitrification,  mixing  and  primary  treatment.  At  a current  price 
of  $ 0.0121  per  kwh  tne  daily  cost  would  be  $26,766.00.  The 
environmental  and  economic  aspects  of  power  generation  and  resource 
uses  are  discussed  later  in  this  report.  The  chemical  demand 
totals  833,000  pounds  including  chlorine,  alum,  lime,  methanol  and 
polymers,  with  an  estimated  current  cost  of  $98,025  per  day. 
Additional  chemicals  are  utilized  in  stormwater  treatment. 

d.  Reliability 

The  Level  Two  treatment  in  this  plan  is  achieved  by  a con- 
ventional activated  sludge  treatment  followed  by  biological  nitri- 
fication, anaerobic  denitrification  using  a methanol  supplement, 
inixed  media  filtration,  phosphorus  removal,  carbo*^  adsorption  for 
refactory  organics  and  final  chlorination.  The  efficiency  of  the 
processes  in  train  are  dependent  in  some  measure  on  the  quality  of 
the  activated  sludge  effluent,  and  the  conditions  that  can  shock  or 
poison  this  process  are  well  known.  Mixed  media  filters  and  carbon 
adsorption  columns  are  both  affected  by  variations  in  suspended 
solids.  Tne  refractory  organics  in  secondary  effluent  are  in  the 
form  of  tiny  colloids.  While  too  small  to  be  filtered,  they  are 
resistant  to  adsorption  and  may  pass  through  the  process.  The 
cnemical  cliaracter  of  the  refractory  organics  at  a final  low  con- 
centration is  not  well  known,  and  neither  is  tlieir  public  health 
significance.  The  adsorption  and  final  chlorination  will  remove 
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pathogenic  bacteria  provided  sufficient  holding  time  is  used  or 
a chlorine  residual  is  achieved.  The  treatment  process  will  not  remove 
tlie  viral  hazard.  Carbon  adsorption  apparently  becomes  exhausted 
relative  to  viral  concentrations  before  organics  and  will  release 
viruses  under  these  circumstances. 

The  reliability  of  a system  treating  stormwater  in  periods  of 
low  municipal  flows  is  unknown  since  it  has  not  been  tried  on  a 
large  scale  basis  previously.  Iv'hetber  the  dilution  will  degrade 
the  biological  process  or  disrupt  its  efficiency  cannot  be  pre- 
dicted on  the  basis  of  current  information.  Lack  of  demineralization 
will  permit  some  flow  through  of  toxic  metals.  A plant  failure 
would  permit  tne  overflow  of  untreated  or  partially  treated  wastes 
to  water.  The  disposal  of  sludges  by  incineration  and  landfill 
poses  problems  in  air  pollution  and  potential  ground  water  pollution. 
Similar  pollutional  problems  exist  with  land  disposal  of  sludge 
although  the  use  in  stripmine  renabilitation  enters  into  an  ecosystem 
o degraded  as  to  make  any  addition  an  improvement. 

e . Land  Use  Changes 

Plan  5,  a water  disposal  system  with  effluent  treated  to  Level 
Two  criteria  , projects  land  use  changes  somewhat  similar  to  Plan  1. 
Plan  3 is  confined  to  the  basin  with  the  exception  of  approximately 
1/3  of  the  sludge  transmitted  for  disposal  on  strip  mined  land. 

Some  bO‘s  of  sludge  is  incinerated  with  the  ash  going  to  landfill, 
requiring  in-basin  acreage  unsuitable  for  any  other  use  and  negatively 
affecting  the  esthetics  of  adjacent  land.  A minimal  sludge  volume 
will  be  applied  to  agricultural  land  in  the  basin,  effecting  minor 
changes  in  current  land  use  practice. 
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riie  principal  laud  requirements  of  Plan  3 are  for  9,915 
million  gallons  of  stormwater  detention  storage  for  which  multi- 
use potentials  noted  in  Plan  1 are  applicable.  The  detention 
storage  basins  will  restrict  stormwater  runoff  and  thereby  reduce 
flooding  in  the  basin. 

Plan  3 provides  for  less  regionalization  in  the  Rocky  River 
basin,  but  has  fewer,  larger  plants  in  the  Chagrin  and  Cuyahoga 
Basins.  All  plant  capacities  are  increased  for  tlie  advanced 
treatment  of  stormwater,  as  required  by  Level  Two  effluent  criteria. 

1 

f.  Public/Political  Perceptions  I 

i I 

1 

Plan  3 indicates  increased  regionalization  in  plant  configu- 
rations for  the  Chagrin  and  Cuyahoga  Basins  and  thus  emphasizes  1 

problems  of  intergovernmental  coordination  for  financing  and  \ 

1 

administration  essential  for  implementation  of  a regionalized  j 

I 

system.  Public  reaction  to  the  increased  costs  and  water  quality  ] 

objectives  of  Level  Two,  will  depend  on  the  intensity  of  enviromental 

concern,  tne  incremental  costs  above  Level  One  at  the  time  of  phasing, 

and  the  demonstration  of  enviromental  need  subsequent  to  the  I 

implementation  of  Level  One  treatment.  ^ 


g . Flexibility 

In  Plan  3,  the  advanced  biological  system  used  in  all  plants 
is  essentially  a conventional  activated  sludge  plant  with  add-on 
treatment  units  for  removal  of  specific  pollutants.  Changes  in 
tiic  quality  of  influent  or  effluent  or  in  the  waste  treatment 
standard  can  be  met  by  process  additions.  The  system  is  relatively 
inflexible  for  resizing  to  meet  an  increase  or  reduction  in  hydraulic 
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flow.  If  it  is  eventually  decided  that  urban  runoff  does  not  re- 
quire the  same  degree  'of  treatment  as  sanitary  waste,  there  will  be 
no  way  of  separating  the  combined  flows.  The  expense  of  the  storm- 
water collection  and  storage  may  be  so  great  as  to  delay  its  phasing 
until  some  time  after  the  sanitary  system,  resulting  in  plants 
with  major  overcapacity.  Finally,  the  costs  involved  in  a total 
Level  Two  treatment  are  such  that  any  conversion  to  other  systems 
would  be  most  unlikely. 

It . Stormwater  Management 

Plan  3 is  a level  Two  plan  and  carries  stormwater  treatment  to 
this  level  as  well.  Stormwater  is  collected  in  136  basins,  providing 
a storage  total  of  lb-6  of  annual  runoff,  equivalent  to  a 100  year 
storm.  Runoff  will  be  transmitted  to  the  AWT  plants  for  treatment 
in  the  off  peak  hours. 

There  are  several  difficulties  involved  in  the  combined  treat- 
ment of  municipal  and  stormwater  wastes.  There  is  no  experience 
witii  flows  of  this  magnitude  and  the  efficiency  of  the  process  is 
uncertain.  There  is  no  way  to  separate  storm  water  from  sanitary 
sewage  if  it  requires  less  treatment.  The  phasing  of  stormwater 
treatment  may  occur  years  later  than  Level  Two  sanitary  treatment 
and  make  a combined  plan  design  uneconomical. 

i . Hydrologic  hffects 

fhe  diversion  of  stormwater  downstream  to  regional  plants 
will  reduce  tiie  flow  in  several  readies  of  streams  and  may  com- 
pletely dry  up  some  small  tributaries. 
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Res idua is 


i . 

iiie  residuals  from  the  tertiary  treatment  plants  iii  Plan  3 
will  total  951  dry  tons  per  day,  or  about  34U,0QU  tons  per  year. 
Stormwater  detention  and  treatment  will  result  in  more  than  155,000 
tons  per  year,  an  av'erage  of  425  tons  per  day.  in  some  respects, 
tiie  cnemical  burden  added  to  the  organic  sludges  makes  it  less 
suitable  for  recycling  througli  strip  mine  or  agricultural  use.  The 
effluent  will  be  discharged  to  waterways. 

k . Oisposal  Methods 

Since  bl«  of  the  residual  sludge  is  i.icinerated , the  costs 
of  air  pollution  and  the  loss  of  resources  are  apparent.  The 
application  of  the  remainder  of  tlie  sludge  to  stripminod  areas 
and  upper  basin  agricultural  land  will  recycle  nutrient  resources 
and  rehabilitate  the  land.  Incins-ration  generates  demands  on  out- 
side resources  for  power,  fuel,  transportation  and  landfill  areas. 
Strip  mine  application  requires  continuing  management.  Poiiutionai 
hazards  exist  in  both  landfill  and  sludge  application.  However, 
tile  subsoil  mineral  content  in  strip  mine  areas  renders  the  sludge 
application  relatively  innocuous.  Otiier  reuse  opportunities  appear 
to  exist  for  industrial  processing  and  cooling  in  the  lower  Cuyahoga 
industrial  valley. 


4 
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4,  Plan  4,  Level  Two,  Land  Treatment 


a . General  Characteristics 

All  domestic  and  compatible  industrial  sewage  will  be  treated  in 
secondary  plants  and  conveyed  to  land  treatment  sites  in  the  basin 
and  to  the  west.  Combined  sewage  is  also  given  secondary  treatment 
but  when  it  exceeds  capacity  in  the  Cleveland-Akron  area,  the  over- 
flow will  be  treated  in  new  primary  plants  before  conveyance. 

Separate  storm  flows  in  the  metropolitan  area  may  be  stored,  treated 
in  secondary  plants  before  transmission  or  given  sedimentation, 
microstraining  and  chlorination  before  release  to  land  treatment. 
Management  will  be  directed  toward  flow  augmentation.  Land  treatment 
areas  in  basin  will  receive  sludge  along  with  effluent,  regulated  on 
the  basis  of  soil  and  crop  needs. 


Plant  Configuration 

No  . 

Type 

SWTP 

Acreage  in 

Rocky  River 

8 

S 

12 

5,090 

Chagrin  River 

7 

S 

12 

5,325 

Cuyahoga  River 

15 

S 

13 

17,364 

Lake  Erie 

4 

S 

423 

Total 

34 

38 

28,202 

(1)  Sludge  Disposal 

Concentration,  stabilization  and  transmission  to  stripmines  95.5'’o 

Concentration,  stabilization,  disinfection,  land  treatment  4. So 

(2)  facilities  Required 

Land  treatment  acreage  of  about  25,500  acres  will  be  required  in 
the  basin,  and  winter  storage  requirements  will  add  about  2,700  acres 
at  an  assumed  20'  depth.  Three  primary  plants  for  treatment  of  com- 
bined overflows  will  be  added  at  Cleveland  and  Akron.  It  is 
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suggested  that  the  overflows  receiving  only  primary  treatment  will 
get  secondary  treatment  in  aerated  lagoons  at  the  western  land 
treatment  sites.  Since  segregation  in  the  effluent  tujinel  would 
be  impossible,  such  treatment  might  have  to  be  applied  to  all  dis- 
charges to  the  effluent  tunnel.  Detention  storage  is  proposed  for 
approximately  8863  million  gallons  in  metropolitan  storm  basins,  with 
the  largest  holding  891  mg. 

(3)  Special  Features 

This  plan  introduces  the  concept  of  aerated  lagoons  to  provide 
supplemental  treatment  to  effluent  transported  from  the  Three  Rivers 
Basin.  Flow  through  cooling  using  the  effluent  tunnel  is  suggested 
for  shoreline  power  plants  which  now  discharge  directly  to  Lake  Erie, 
in  addition,  the  potential  siting  of  power  plants  to  use  the  year 
round  cooling  capacity  of  secondary  effluent  storage  ponds  in  the 
western  land  treatment  areas  is  introduced. 


b . Ecological  Considerations 

(1)  Community  Energetics 

Plan  4 requires  least  input  of  chemical  resources  and  energy 
for  treatment,  contributes  to  a stable  P/R  ratio  (functional  index 
of  the  stability  of  the  ecosystem),  promotes  complex  food  chains  and 
returns  humic  material  to  the  ecosystem.  It  requires  the  most  human 
effort  and  energy  input  to  manage  its  residuals  (agricultural  and 
strip  mine  application) . 

(2)  Community  Structure 


I 


Tile  plan  provides  most  encouragement  to  a diversity  of  aquatic 
life,  to  iiighly  organized  communities,  and  to  species  with  a narrow 
tolerance  to  environmental  factors,  all  evident  in  a stable  ecosystem. 
I'lie  plan  maximizes  biotic  storage  of  plant  nutrients. 
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(.5)  Nutrient  Cycling 


Plan  4 maximizes  recycling  of  phosphorus  and  nitrogen,  the  reuse 
of  organic  sludges,  the  biologic  control  of  nutrient  cycling,  and 
generates  the  ’east  inorganic  sludges.  As  a land  plan  it  has  the 
highest  potential  for  disturbing  stream  flow  and  threatening  the 
quality  of  ground  water  supply. 

(4)  Life  History 

Niche  specialization,  a larger  size  organism  and  longer,  complex 
life  cycles,  all  characteristic  of  mature  aquatic  ecosystems,  are 
highly  encouraged  by  this  plan. 

(5)  Selection  Pressure 

This  plan  will  provide  less  feedback  control  of  populations  and 
potentiates  the  development  of  fast  growing  nuisance  organisms  typical 
of  disturbed  ecosystems.  Control  of  pathogens  appears  most  effective. 

(6)  Overall  Homeostasis 

Homeostasis  refers  to  the  ability  of  an  ecosystem  to  resist  the 
disruption  of  outside  influences.  Plan  4 will  provide  most  encourage- 
ment to  organism  interrelationships,  interferes  least  with  successional 
development,  provides  moderate  rehabilitation  potential  and  generates 
least  quantities  of  hazardous  aerosols.  In  contrast,  it  requires 
the  most  disturbance  and  interconversion  of  terrestrial  ecosystems 
and  provides  less  protection  for  the  ecosystem  in  case  of  mechanical 
failure.  As  a land  plan  it  provides  greater  protection  of  plant, 
animal  and  human  life  from  cumulative  toxic  effects  of  metals  and 
other  chemicals. 


Resource  Demands 


c , 

Plan  4 will  require  1730  megawatts  of  power  per  day  for  secondary 
treatment,  involving  a cost  of  $20,933  at  the  current  rate  of 
$0.0121  per  KWH.  Reference  is  made  to  the  paper  discussed  earlier 
on  the  environmental  and  economic  costs  of  power  and  chemicals. 

Plan  4 requires  the  least  amount  of  chemical  input  but  uses  lime, 
chlorine,  aluminum  sulfate  and  small  amounts  of  polymers,  currently 
costing  about  $3,855  per  day. 

d,  Reliability 

The  process  in  Plan  4,  as  in  Plan  2,  is  that  of  providing 
secondary  treatment  in  the  basin  prior  to  transmission  of  the 
effluent  to  land  areas,  both  in  and  out  of  basin,  for  land  treat- 
ment. The  reliability  of  treatment  under  application  rates  of  90 
to  150  inches  per  year,  particularly  on  soils  in  the  Rocky  River 
Basin,  remains  to  be  demonstrated.  The  treatment  of  stormwater 
in  the  low  use  periods  of  the  sanitary  treatment  plants,  subjects 
these  plants  to  a hydraulic  shock,  with  little  available  information 
on  the  efficiency  of  such  a combined  operation.  The  questions  of 
reliability,  noted  in  Plan  2,  also  apply  to  Plan  4. 

e , Land  Use  Changes 

Plan  4 has  land  requirements  similar  to  those  of  Plan  2,  and 
the  consideration  of  change  is  equally  applicable.  Land  treatment 
acreage  of  more  than  28,000  acres  will  be  required  within  the  basin, 
including  winter  storage.  Possibly  1800  to  2000  acres  additional 
will  be  needed  for  stormwater  detention  basins,  unless  they  can  be 
combined  in  some  way  with  winter  storage.  Should  the  application 
rates  suggested  in  Plan  4,  prove  to  be  too  liigh  for  the  soils 
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encountered,  the  possibility  exists  tliat  additional  acreage  will  be 
required  (up  to  20,000  acres)  depending  on  rates  finally  established. 
Treatment  and  storage  areas  in  North  Central  Ohio  will  require 
approximately  170,000  acres  of  agricultural  land. 

Since  the  combined  sewer  overflows  from  Cleveland  and  Akron, 
will  receive  only  primary  treatment  before  transmission  to  the  west, 
aerated  lagoons  are  planned  at  the  land  management  sites  for  supple- 
mental treatment  prior  to  irrigation.  The  use  of  aerated  lagoons  will 
compound  the  problem  of  western  land  treatment,  since  additional 
land  will  be  converted  to  water  and  other  problems  are  introduced, 
including  potential  aesthetic  nuisances. 

Plan  4 proposes  the  disposal  of  sludge  by  application  in  strip 
mine  areas  as  well  as  application  to  agricultural  land  within  the 
basin.  The  use  of  sludges  for  reclamation  of  land  now  relatively 
worthless,  must  be  regarded  as  highly  favorable.  The  minimal 
amount  of  sludges  applied  to  agricultural  land  (4.51)  may  require 
some  management,  may  create  problems  initially  of  adverse  public 
reaction,  and  will  alter  soil  composition.  However,  the  impact  of 
land  treatment,  both  in  the  basin  and  in  North  Central  Ohio,  will 
be  highly  dependent  on  the  effectiveness  of  management  schemes,  as 
discussed  in  Plan  2. 

f • Political/Public  Perceptions 

Plan  4's  requirement  for  extra-basin  transmission  of  secondary 
effluent  and  increased  basin  land  use  for  treatment  could  magnify 
problems  of  public  acceptance,  particularly  if  adequate  demonstration 
is  not  provided  to  counteract  negative  political  and  aesthetic 
perceptions.  The  use  of  primary  treatment  for  storm  overflows  and 


tlie  transmission  for  treatment  to  aerated  lagoons  to  the  west  may 
constitute  another  obstacle. 

g . Flexibility 

The  flexibility  considerations  in  Plan  4 are  the  same  as  those 
in  Plan  2.  Secondary  treatment  plants  can  be  readily  expanded  to 
provide  tertiary  treatment  provided  sufficient  land  exists.  However, 
tile  commitment  to  an  effluent  tunnel  with  its  major  capital  invest- 
ment, would  necessitate  the  continuation  of  land  treatment  for  the 
useful  project  life. 

h.  Stormwater  Management 

A discussion  of  the  treatment  level  applied  to  stormwater  runoff 
appears  under  Plan  1.  In  this  plan,  with  a Level  Two  requirement, 
stormwater  is  treated,  both  in  secondary  plants  in  combination  with 
sanitary  sewage,  and  in  38  separate  stormwater  treatment  plants  before 
diversion  to  land  treatment. 

L . Hydrologic  Lffects 

The  hydrologic  effect  is  essentially  the  same  as  in  Plan  2. 

The  major  impact  will  be  presented  by  the  transfer  of  over  700  mgd 
of  wastewater  to  river  basins  in  North  Central  Ohio.  The  upper 
sections  of  the  Three  Rivers  Basin  will  not  suffer,  since  the  return 
flow  from  land  treatment  is  greater  than  the  withdrawal  from  surface 
and  ground  water  sources.  There  is  less  combination  of  stormwater 
treatment  in  this  plan  than  in  Plan  3 with  treatment  in  the  basin 
at  origin  where  possibi^,  and  this  serves  to  augment  the  diminished 
flows.  However,  the  effect  is  still  significant  and  will  generally 
eliminate  the  potential  for  water  reuse  within  the  basin.  The 
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hydrologic  ctl'ccts  on  tho  basins  to  tlic  west  arc  noted  in  Plan  2. 


i 

I 

1 

I 


j . Residuals 

The  residuals  from  the  secondary  treatment  plants  in  Plan  4 
are  511  dry  tons  per  day  of  sludge,  over  186,000  tons  a year. 
Stormwater  detention  and  treatment  will  produce  more  than  117,000 
tons  per  year,  an  average  of  320  tons  per  day.  In  addition,  the 
secondary  effluent  will  be  available  for  land  irrigation  and  the 
recycling  of  the  nutrients  not  removed. 
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5. 


Plan  5,  Level  One,  Combination  Land/Water  Based 


a . 


General  Features 


This  plan  divides  the  Three  Rivers  Basin  into  three  further 
areas  for  treatment:  upper,  middle,  and  lower/shoreline  sections. 

In  the  upper  basin  where  densities  are  low  and  land  is  available, 
secondary  treatment  and  land  application  are  used.  In  the  middle 
basin  where  density  is  greater,  advanced  waste  treatment  is  used 
with  discharge  to  streams.  In  shoreline  areas,  similar  treatment 
results  in  discharge  to  Lake  Brie.  Domestic,  industrial,  and  com- 
bined sewage  would  receive  tertiary  treatment.  Separate  storm 
water  runoff  will  receive  at  least  sedimentation,  microstraining, 
and  disinfection.  Some  stormwater  will  receive  advanced  treatment 


at  plants  converted 

from 

current 

sewage 

treatment . 

Plant  Configuration 

Type 

SWTP 

Acreage  in  Basin 

Rocky  River 

8 

3S,  5T 

25 

597 

Chagrin  River 

7 

5S,  2T 

25 

2,833 

Cuyalioga  River 

16 

9S,  7T 

57 

2,534 

Lake  Lrie 

5 

T 

9 

_ ^ 

jb 


m 


5,964 


(1)  Sludge  Disposal 

Holding,  concentration,  incineration,  ash  to  landfill 
Concentration,  stabilization,  transmission  to  strip  mines 


(44.8^J 
(50 .4IJ 


Concentration , stabilization,  disinfection,  land  treatment  ( 4.8"(,) 
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(2)  Facilities  Required 


Urban  storm  runoff  is  generally  treated  locally  and 
discharged  to  water,  but  use  is  made  of  land  treatment  when  con- 
venient. Additional  stormwater  treatment  capacity  is  provided  at 
Kingsbury  Run,  Mill  Creek,  Easterly  and  Westerly  plants  to  treat 
combined  sewer  overflows.  Stormwater  detention  will  require  about 
9U0  to  1,000  acres  of  land  to  store  over  4500  million  gallons. 

Eight  existing  plants  are  converted  to  stormwater  treatment. 

(3)  Special  Features 

Plan  5 emphasizes  water  disposal  with  only  3.3%  of 
the  effluent  going  to  land  treatment  even  though  half  the  plants 
are  secondary.  Some  flow  augmentation  is  practiced  since  over  6 
of  the  effluent  goes  to  land  or  water  in  the  upper  basins  as  opposed 
to  less  than  1%  of  water  supply  originating  there.  Middle  basin 
tertiary  plants  also  provide  supplemental  stream  flow. 

b . Ecological  Considerations 
(1)  Community  Energetics 

Plan  5 requires  the  input  of  moderate  amounts  of 
cnemical  resources  and  power,  contributes  little  to  a stable  P/R 
ratio  (functional  index  of  the  stability  of  tlie  ecosystem),  does 
not  promote  complex  food  chains  and  returns  part  of  its  humic 
materials  to  the  land  (55%  of  sludge).  It  will  take  some  expendi- 
ture of  energy  to  manage  the  residuals. 


i 

{ 

I 

1 
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(2)  Community  Structure 


As  a Level  One  plan  it  provides  least  encouragement 
to  tne  diversity  of  aquatic  life,  to  highly  organized  communities 
or  to  species  with  a narrow  range  of  tolerance,  all  normally  evi- 
dent in  a stable  ecosystem.  The  plan  provides  for  limited  biotic 
storage  of  major  plant  nutrients. 

(3)  Nutrient  Cycling 

The  plan  provides  for  minor  recycling  of  phosphorus 
and  nitrogen,  uses  about  naif  its  sludges  as  soil  conditioners, 
provides  minimal  biological  control  of  nutrient  cycles.  It 
generates  some  inorganic  sludges  but  provides  little  disturbance 
to  stream  flow  and  a minimal  hazard  to  ground  water. 

(4)  Life  liistory 

As  a Level  One  plan,  little  contribution  is  made  to 
niche  specialization,  a larger  size  of  organism  and  more  complex 
life  cycles  which  are  cnaracteristic  of  more  stable  ecosystems. 

(5)  Selection  Pressure 

As  a plan  primarily  oriented  to  water  discharge  of 
treated  effluent.  Plan  5 is  highly  compatible  to  ecosystem  feedback 
control  of  populations.  To  the  small  extent  this  plan  is  land 
oriented,  the  plan  will  both  potentiate  the  growtli  of  nuisance 
organisms  and  control  pathogenic  organisms. 

(6)  Overall  Homeostasis 

i’o  tile  extent  of  its  land  influence.  Plan  5 promotes 
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organism  iaterrclat lonships  and  successionai  development,  provides 
oniv  minor  land  disturbance  or  interchange  and  promotes  land 
rehabilitation  by  using  50%  of  the  sludge  for  strip  mines.  The 
incineration  of  45%  of  its  sludges  promotes  air  pollution  and 
its  minor  land  factor  does  little  to  upgrade  overall  protection 
from  the  cumulative  effects  of  toxic  wastes. 

c . Resource  Demands 

I’ian  5 will  require  2791  megawatts  of  power  per  day  for 
secondary  and  tertiary  treatment.  At  a current  cost  of  $0.0121 
per  KWH  the  cost  will  amount  to  $53,771  per  day.  The  resource 
requirements  will  amount  to  445,540  pounds  of  chemicals,  at  a cost 
of  $11,531  in  current  value.  future  environmental  and  economic 
factors  are  discussed  in  an  attachment  to  this  report. 

d.  Reliability 

The  reliability  of  any  plan  relates  to  methods  of  treatment 
and  disposal  and  in  some  cases  transmission.  Plan  5 combines  Level 
One  water  based  treatment  with  a small  increment  of  land  treatment 
in  the  upper  basins.  The  effectiveness  of  a high  rate  of  application 
(90")  in  some  areas,  is  still  to  be  demonstrated.  In  general,  the 
ciiaracteristics  described  under  this  section  for  Plans  1 and  2 apply. 

e . Land  Use  Changes 

Plan  5 emphasizes  water  disposal  in  a combined  land/water 
treatment  system  and  land  requirements  are  confined  to  the  Three 
Rivers  Basin  with  tne  exception  of  stripmined  land  in  Harrison 
County  for  50%  of  sludge  disposal.  Major  land  requirements  are  for 
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stormwater  detention  ponds  and  approximately  0,000  acres 
in-basin  for  land  treatment.  Landfill  areas  for  incinerator 
asii  will  require  additional  isolated  acreage.  Considerations  of 
flood  control  and  multi-use  potentials  are  applicable  for  storm- 
water detention  ponds.  The  relatively  small  acreage  requirements 
indicate  minimal  concern  for  dislocation  and  property  change  effects. 
Tile  application  of  secondary  effluent  to  limited  areas  in  the  basin 
will  not  result  in  major  changes  in  the  ecosystem,  although  environ- 
mental changes  may  create  new  habitats  for  insect  and  animal  life. 
Some  changes  may  be  introduced  in  agricultural  practice. 

f . Public/Political  Perceptions 

The  tentative  first  step  into  land  treatment  within  the  basin 
indicated  in  Plan  5 will  probably  meet  with  less  public  resistance 
than  other  plans  witii  wider  demands  on  the  land.  However,  evalu- 
ation of  tne  plan  in  comparison  with  alternatives  must  also  con- 
sider the  technical  efficiency  and  system  flexibility  in  terms  of 
relative  satisfaction  of  water  quality  objectives  now  and  in  the 
future  . 

ihe  regionalization  potential  in  terms  of  institutional 
response  for  Plan  5 is  similar  to  that  discussed  in  Plans  1 and  2. 
ihe  conversion  of  eight  existing  plants  to  Storm  Water  Treatment 
Plants  (SWTP)  as  designed  in  Plan  5 is  a factor  which  may  favorably 
impress  the  public.  Aitnough  the  effect  of  retiring  existing 
plants  related  to  local  bonded  indebtedness  and  community  finances 
may  be  reduced  by  federal/state/local  financing  arrangements,  tiie 
general  public  may  still  perceive  discarding  of  useful  plants 
negatively.  Thus,  tiie  conversion  of  existing  facilities  in  the  plan 
will  be  viewed  favorably. 
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S • t-Iexibility 

I'he  combination  plans  exhibit  the  highest  flexibility,  as 
an  overall  plan  for  adjusting  to  change  in  the  philosophy  and 
direction  of  wastewater  management.  As  a Level  One  plan,  the 
investment  and  physical  structure  is  such  that  changes  to  larger 
land  increments  or  to  higher  level  advanced  treatment  is  possible. 

h . Stormwater  Managemeiit 

Stormwater  treatment  is  discussed  in  Plan  1.  This  plan  will 
provide  sedimentation,  micros  training  and  chlorination  to  storm 
water  runoff,  generally  in  the  basin  of  origin.  The  effluent 
will  be  released  locally,  either  to  land  or  water. 

i , Hydrologic  Effects 

Ho  significant  hydrologic  changes  are  anticipated  under  this 
plan.  Flow  augmentation  is  practiced  with  over  of  tiie  effluent 
going  to  land  or  water  in  the  upper  basins.  Detention  storage  will 
control  flooding. 

j . Res iduals 

The  residuals  from  the  secondary  treatment  plans  include  808 
dry  tons  of  sludge  per  day,  about  317,000  tons  per  year.  Stormwater 
detention  and  treatment  will  produce  about  131,000  tons  per  year  for 
an  average  of  3o0  tons  per  day.  Tl\e  residual  effluent  from  tertiary 
treatment  will  be  relatively  free  from  transported  matter. 

k . Disposal  Metiiods 

Since  45o  of  tiie  sludge  is  incinerated  (150,000  tons  per  year) 
the  same  costs  and  deficiencies  apply  to  this  procedure  as  in  I’lan 
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6 . Plan  6,  Level  One,  Combination  Land/Water  Based 
a . General  Features 

‘ This  plan  categorizes  the  three  basins  into  upper,  middle,  and 
lower/shoreline  sections.  In  the  upper  basin,  domestic/ industrial 
sewage  is  given  secondary  treatment  and  land  irrigation.  In  middle 
basins,  sanitary  and  combined  sewage  is  treated  in  advanced  waste 
treatment  plans  and  released  to  the  rivers.  These  include  Akron, 

North  Olmsted,  Kent,  Bedford  Heights,  Macedonia,  and  Cleveland 
Southerly.  Shoreline  plants  provide  secondary  treatment  and  release 
to  the  effluent  transmission  tunnel  to  the  west.  Separate  stormwater 
will  receive  at  least  sedimentation,  microstraining,  and  disinfection. 
In  several  locations  stormwater  will  be  treated  in  AWT  plants  in 
off-peak  hours. 


Plant  Configurations 

No. 

Type 

SIVTP 

Acreage  in  Basin 

Rocky  River 

8 

7S,1T 

25 

3,983 

Chagrin  River 

7 

S 

25 

4,791 

Cuyahoga  River 

17 

12S,  ST 

58 

7,248 

Lake  Erie 

_5 

S 

9 

Total 

37 

117 

10,022 

(1)  Sludge  Disposal 

Holding,  concentration,  incineration,  ash  to  landfill  50. (i 

Concentration,  stabilization,  and  transmission  to  strip  mines  41.8 
Concentration,  stabilization,  disinfection,  land  treatment  7.0 

(2)  Facilities  Required 

Additional  primary  capacity  is  supplied  for  treatment  of 
combined  overflows  at  liasterly  (Doan  Brook),  Westerly,  Kingsbury 
Run,  and  Mill  Creek,  before  discliargc  to  the  effluent  tunnel.  About 
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04,000  acres  will  be  required  for  land  treatment  to  the  west,  using 
an  annual  application  rate  of  67  inches.  In-basin,  stormwater 
detention  will  require  from  600  to  a 1,000  acres  of  pond  surface, 
depending  on  the  depth.  The  16,000  acres  of  land  treatment  area  in 
the  basin,  includes  winter  storage,  based  on  a 22  week  period. 

(3)  Special  Features 

Eight  current  plants  are  converted  to  SWTP  in  this  plan.  Use 
is  made  of  several  rapid  infiltration  basins  in  the  Chagrin  water- 
shed. The  plant  configurations  in  Plans  5 and  6 are  generally 
similar.  The  major  difference  is  in  the  conversion  of  the  lower 
basin  shoreline  plants  from  tertiary  to  secondary  treatment  and  the 
construction  of  a tunnel  to  convey  secondary  effluent  to  agricultural 
lands  in  North  Central  Ohio. 
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b . Ecological  Considerations 
(1  ) Community  Energetics 

The  conversion  of  a number  of  plants  from  tertiary  treatment  as 
in  Plan  5 to  secondary  treatment,  reduces  power  consumption  about 
lOxi  and  chemical  input  about  351.  With  land  treatment  constituting 
a major  part,  the  plan  encourages  a stable  P/R  ratio  (functional 
index  of  the  stability  of  an  ecosystem),  promotes  complex  food  chains, 
and  returns  moderate  amounts  of  humic  materials  to  tlie  ecosystem. 

It  will  require  major  expenditures  of  energy  to  maintain  stability  in 
the  receiving  ecosystems  (agriculture  and  stripmines). 

(2)  Community  Structure 

As  a Level  one  plan,  there  is  lesser  encouragement  to  diversity 
of  aquatic  life,  to  liiglily  organized  and  stratified  communities  or 
to  species  with  a narrow  range  of  tolerance.  Biotic  storage  of  plant 
nutrients  is  increased. 
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(5)  Nutrient  Cycling 

ilie  plan  recycles  major  amounts  oi  phospliorus  and  nitrogen,  uses 
only  50°o  of  sludges  for  soil  conditioning  and  has  a medium  effect  on 
biological  control  of  nutrient  cycles,  generation  of  inorganic  sludges, 
and  hydrologic  regimes.  It  may  threaten  ground  water  by  leaching  of 
nutrients  and  by  landfill  of  incinerator  ash. 

(4)  Life  History 

As  a Level  one  plan,  little  contribution  is  made  to  niche 
specialization,  a larger  size  organism  or  more  complex  life  cycles 
which  are  characteristic  of  stable  ecosystems. 

(5)  Selection  Pressure 

With  heavy  emphasis  on  land  treatment,  this  plan  is  not  com- 
patible with  feedback  control  of  populations  and  may  enhance  nuisance 
organisms  as  the  ecosystem  is  disturbed.  It  promotes  control  of 
pathogens  in  the  land  filter. 

(6)  Overall  Homeostasis 

Homeostasis  refers  to  the  ability  of  the  ecosystem  to  resist 
outside  disruption.  This  plan  will  maximize  organism  relationships, 
interfere  least  with  successional  development,  moderately  promote 
rehabilitation  of  strip  mined  areas  (42%  sludge),  generate  some 
harmful  aerosols  by  incinerations,  and  provide  for  extensive,  but 
not  the  most,  disturbance  and  interconversion  of  terrestrial  eco- 
systems (land  use).  As  a plan  emphasizing  land  treatment  it  pro- 
vides moderate  protection  from  the  cumulative  effects  of  toxic 
metals  and  other  chemicals. 
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Resource  Demands 


Plan  6 will  require  1926  megawatts  per  day  for  the  provision 
of  treatment  split  about  equally  between  secondary  and  tertiary.  At 
a current  price  of  $0.0121  per  KWH,  the  daily  cost  will  be  $23,305.00. 
The  chemical  requirements  for  the  combined  treatment  systems  will  be 
287,500  pounds  per  day  of  lime,  ferric  chloride,  chlorine,  alum,  and 
polymers  and  will  cost  about  $7,681.00  per  day  at  current  prices. 

The  future  environmental  and  economic  costs  of  both  energy  and  chemical 
resources  are  discussed  in  an  attachment  to  this  report. 

d.  Reliability 

Plan  6 is  a combination  plan  with  emphasis  on  land  treatment. 

It  combines  the  reliability  factors  mentioned  in  Plan  1 for  the 
water  based  plants  in  the  middle  basin  areas,  and  those  discussed  in 
Plan  2 for  the  land  treatment  aspect.  Again,  the  application  rate 
of  90"  annually  in  certain  sections  of  the  Rocky  River  Basin  and 
in  the  Chagrin  River  Basin,  requires  demonstration  of  its  effective- 
ness. 


e ,  Land  Use  Changes 

Plan  6 emphasizes  land  in  a combined  land/water  based  treatment 
system  and  thus  relates  to  most  of  the  previously  mentioned  land  use 
considerations  of  land  treatment  plans  (Plans  2,  4).  In-Basin 
acreage  requirements  arc  14,300  acres  plus  stormwater  detention  and 
winter  storage.  Should  high  rate  application  prove  ineffective, 
more  land  may  be  required. 


f .  I’ubl  ic/Pol  i tical  Pcrc options 

Plan  6 is  essentially  related  to  the  consideration  of  political 
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and  public  perceptions  as  elaborated  in  Plan  2,  since  the  degree 
regionalization  of  plant  and  the  acreage  requirements  in  the  basin 
for  land  treatment  are  nearly  parallel.  Plan  b does  utilize  less 
western  land  due  to  its  combined  land/water  treatment  design,  but 
institutional  factors  discussed  for  western  land  treatment  are  still 
relevant . 


g.  Flexibility 

As  a combination  plan,  Plan  6 combines  considerations  mentioned 
in  Plans  1 and  2.  The  most  obvious  lack  of  flexibility  would  be 
incurred  in  the  building  of  an  effluent  tunnel  which  would  commit 
the  lower  basin  to  land-based  treatment  for  the  life  of  the  project. 

h . Stormwater  Management 

This  is  a Level  One  plan  and  conforms  generally  to  the  treatment 
discussed  in  Plan  1.  The  effluent  will  be  treated  and  released 
locally  in  the  upper  and  middle  basins.  Lower  basins  may  be  carried 
to  the  effluent  tunnel. 

i . Hydrologic  Effects 

While  wastewater  will  be  transferred  from  the  Three  Rivers  Basin 
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j . Residuals 

Tlic  residuals  from  the  secondary  treatment  plants  include  681 
dry  tons  of  sludge  per  day  (248,565  annually).  Stormwater  detention 
and  treatment  will  produce  about  131,000  tons  per  year,  largely  from 
sedimentation,  for  an  average  of  360  tons  per  day  for  disposal.  The 
effluent  from  the  secondary  plants  will  carry  substantial  loads  of 
nutrients . 

k . Disposal  Methods 

Since  about  50%  of  the  sludge  is  incinerated,  the  same  costs  and 
deficiencies  apply  to  this  fraction  as  are  discussed  in  Plan  1.  The  i 

costs  for  application  to  agricultural  lands  or  in  the  reclamation  of 
strip  mined  areas  will  lie  in  the  transmission  and  the  continuing 
management  required.  Reuse  opportunities  relate  to  power  plant 
cooling  and  nutrient  recycling. 
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7 . Plan  7,  Level  Two,  Combination  Land/Water  Based 


a . General  Features 

This  plan  divides  the  Three  Rivers  Basin  into  three  areas:  upper, 

middle  and  shoreline/ lower  basin.  Upper  basins  have  lower  density 
development,  available  open  space,  and  limited  sanitary  sewage. 

Effluent  will  be  used  on  local  land  following  secondary  treatment. 
Middle  basins  are  more  densely  populated,  have  little  open  land 
and  will  use  AWT  plants  for  tertiary  treatment.  Lower  basin  and 
shoreline  plants  currently  discharging  to  Lake  Erie  would  use 
tertiary  treatment  with  discharge  to  the  Lake.  Separate  stormwater 
would  receive  secondary  treatment  and  release  to  land  or  AWT  with 
release  to  water. 


Plant  Configuration  No. 

Type 

SWTP 

Acreage  in  Basin 

Rocky  River 

6 

3S,3T 

6 

643 

Chagrin  River 

6 

5S,1T 

7 

3,067 

Cuyahoga  River 

12 

8S,4T 

12 

3,743 

Lake  Erie 

_5 

T 

_4 

Total 

29 

29 

7,453 

(1)  Sludge 

Disposal 

Concentration, 

stabilization  and  transmission  to  stripmines  S3'o 

Holding,  concentration,  incineration  and 

disposal  to  landfill  44^ 

Concentration, 

stabilization,  disinfection  and  land  treatment  3'i 

(2)  Facilities  Required 

Land  treatment 

and  winter 

storage 

requirements  for  both  domestic 

and  stormwater  runoff  will  take  about  7,500  acres.  Thirteen  sub- 
basins will  receive  land  treatment  and  will  require  winter  storage 


areas.  Detention  sedimentation  basins  will  be  required  for  7045  mg 


of  stormivatcr  runoff,  with  basins  being  treated  by  land  or  separate 
stormwater  plants,  sized  for  the  one  year  storm.  Basins  discharging 
to  sanitary  plants  will  be  sized  for  a 30  day  capacity,  about  Ibl 
of  the  annual  runoff. 

(3)  Special  Features 

fhe  plan  emphasis  is  on  water-based  treatment  with  only  2.5%  of 
the  effluent  going  to  land  treatment.  There  is  some  reuse  of  current 
plant  capacity  for  stormwater  treatment,  six  plants  being  converted. 
There  is  limited  opportunity  for  nutrient  recycling  and  stream  flow 
maintenance  in  upper  reaches  of  the  basin.  The  expansion  of  the 
Cleveland  water  system  to  serve  areas  in  the  basin  now  dependent  on 
stream  diversion  has  been  suggested  in  some  versions  of  this  plan. 

Such  extension  would  help  restore  a more  natural  stream  flow,  assure 
a dependable  supply  and  make  additional  reservoir  capacity  unnecessary 

b . ecological  Considerations 

The  ecological  advantages  and  deficiencies  relate  to  the  amount 
of  land  or  water  based  disposal,  the  level  of  treatment  and  the  way 
in  which  residuals  arc  disposed  of  or  recycled.  As  a combination 
plan,  with  emphasis  on  water-based  disposal  of  effluent,  the  deficien- 
cies in  tertiary  treatment  will  be  mitigated  by  the  amount  of  land 
treatment  and  vice  versa. 


(1)  Community  Energetics 

As  a plan  emphasizing  water  based  treatment.  Plan  7 uses  major 
amounts  of  chemicals  and  energy,  primarily  for  tertiary  treatment. 

It  contributes  little  to  a stable  P/R  ration  (functional  index  of  the 
stability  of  the  ecosystem),  does  not  promote  complex  food  chains, 
returns  some  50 » of  sludges  to  stripmines  and  requires  a moderate 
expenditure  of  energy  to  manage  the  residuals. 


(2)  Community  Structure 


As  a Level  Two  plan,  this  provides  most  encouragement  to  aquatic 
diversity,  to  organized  communities  and  to  species  with  a narrow 

tolerance  of  change.  It  minimizes  biotic  storage  of  plant  nutrients.  J 

(3)  Nutrient  Cycling  j 

The  plan  has  a minimal  recycling  of  nutrients,  minimizes  bio-  ^ 

logical  control  of  nutrient  cycles,  use  part  of  the  sludges  as  soil 
reconditioners  but  generates  large  amounts  of  inorganic  sludges.  It 
provides  considerable  disturbance  to  hydrologic  regimes  but  only 
moderate  threat  to  groundwater  quality. 

(4)  Life  History 

As  a Level  Two  plan  ic  encourages  niche  specialization,  a 
larger  size  of  organism  and  longer,  complex  life  cycles  that  are 

characteristic  of  mature  ecosystems.  ' 

(5)  Selection  Pressure 

This  plan  is  moderately  compatible  with  feed  back  control  of 
populations  and  control  of  nuisance  organisms.  At  Level  Two, 
there  is  greater  control  of  pathogens  but  less  than  a land  plan. 

(6)  Overall  Homeostasis 

Homeostasis  refers  to  the  ability  of  an  ecosystem  to  resist  the 
disruption  of  outside  influences.  With  a minor  land  increment  the  ' 

plan  provides  minor  encouragement  to  organism  interrelationship, 
ecosystem  successional  development  and  provides  some  land  rehabil- 
itation  (53®  sludge).  It  will  generate  some  air  pollution  (44°o  \ 

incineration),  and  requires  least  land  disturbance  or  interconversion  | 


(water  storage) 
protection  from 
chemicals  . 


With  its  limited  land  treatment  it  provides  minor 
the  cumulative  effects  of  toxic  metals  and  other 


Resource  Demands 


c . 

The  electrical  power  requirements  for  tertiary  treatment  amount 
to  2,171  megawatts  per  day,  with  a cost  of  $26,269  at  a current  price 
of  $0.0121  per  KWH.  The  chemical  requirements,  largely  for  tertiary 
treatment,  include  major  amounts  of  chlorine,  lime,  alum  and  methanol, 
a total  of  808,540  pounds  per  day,  which  would  cost  at  1972  prices 
the  sum  of  $96,673.00.  The  future  costs,  both  economic  and  environ- 
mental, of  energy  and  necessary  chemical  resources  are  discussed 
later  in  this  report. 

d.  Reliability 

Plan  7 combines  Level  Two,  water  based  treatment  with  a small 
increment  of  land  treatment  in  the  upper  basins.  The  reliability 
characteristics,  particularly  those  describing  combined  treatment  of 
wastewater  and  stormwater,  in  Plans  3 and  4 apply. 

e . Land  Use  Changes 

Plan  7 parallels  plan  5 in  consideration  of  land  use  changes 
for  a combined  land/water  treatment  system  emphasizing  water.  Level 
Two  criteria  for  effluent  in  Plan  7 may  result  in  some  general 
impacts  such  as  improved  development  opportunities  for  water-enhanced 
land  use  activity. 

f . Public/Political  Perceptions 

Institutional  factors  relevant  to  Plan  7's  combined  land/water 
treatment  again  parallel  Plan  5.  The  response  to  the  major  increase 
in  costs  for  Level  Two  treatment  will  depend  on  the  level  of  public 
concern  for  the  environment  and  the  phasing  of  the  incremental  cost 
above  Level  One  treatment. 


g . Flexibility 

As  plans  reach  Level  Two,  the  cost  of  conversion  from  one  system 
to  another  becomes  impossibly  large,  except  at  the  end  of  the 
pYoductive  life  of  the  plants  concerned.  There  must  be  considerable 
concern  for  the  lack  of  flexibility  in  phasing  sanitary  plants  if 
stormwater  treatment  is  to  be  combined.  Reference  is  made  to  this 
section  in  Plan  3. 

h . Stormwater  Management 

Level  Two  stormwater  treatment  is  discussed  in  Plan  1.  The 
questionable  characteristics  of  treating  stormwater  in  the  same 
plant  as  municipal  sewage  are  discussed  in  Plan  3. 

i . Hydrologic  Effects 

Although  there  is  some  regionalization  of  stormwater  treatment, 
the  use  of  local  land  treatment  in  the  upper  basin  and  the  greater 
use  of  separate  stormwater  plants  mitigate  the  effect  on  stream  flow. 

j . Residuals 

The  residuals  from  Plan  7,  largely  from  tertiary  plants,  will 
total  about  915  dry  tons  per  day,  for  an  annual  problem  of  334,000 
tons.  Stormwater  detention  and  treatment  will  produce  about  137,000 
tons  per  year.  The  limited  secondary  effluent  will  provide  nutrients 
for  recycling. 

k . Disposal  Methods 

The  costs  and  benefits  resulting  from  the  44°o  incineration  of 
sludge,  the  use  of  effluent  for  nutrient  recycling,  and  sludge  for 
stripmine  rehabilitation  arc  indicated  in  Plans  1 and  2. 
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S . Plan  8,  Level  Two,  Combination  Land/lVater  Based 
• General  Features 

Plan  8 is  a combination  plan  with  major  emphasis  on  land 
treatment  of  secondary  effluent.  In  plant  location  it  is  comparable 
to  Plan  7,  However,  shoreline  plants  will  discharge  to  the  effluent 
tunnel  to  the  western  lands  and  additional  use  is  made  of  land  treat- 
ment in  middle  basin  areas.  Only  Akron,  Nortn  Olmsted  and  Tinkers 
Creek  plants  provide  tertiary  water-based  treatment.  Otherwise 
domestic,  compatible  industrial,  combined  and  separate  sewage  re- 
ceive secondary  treatment  before  land  treatment.  Secondary  treat- 
ment for  separate  stormwater  may  be  in  an  aerated  lagoon,  followed 
by  microstraining,  long  term  storage  (winter)  and  chlorination. 


Plant  Configurati 
Rocky  River 
Chagrin  River 
Cuyahoga  River 
Lake  Erie 

To  tal 


No . Type  St^TP 
8 7S,IT  14 

7 S 7 

14  12S,2T  14 

_5  S _6 

34  41 


Acreage  in  Basin 
5,470 
5,754 
17,047 


28,271 


(1)  Sludge  Disposal 

Concent ra t ion , stabilizatioi\,  traiismiss ion  to  strip  mines 
(folding,  concentration , incineration  and  disposal  to  landfill  55o 
Concentration , stabilization,  disinfection,  and  land  treatment  5b 


(1)  facilities  Required 

Land  treatment  and  winter  storage  requirements  for  both 
domestic  and  stormwater  runoff  will  take  about  28,000  acres  in 
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the  basin,  with  an  additional  increment  of  J,J0D  to  1,5(U)  acres 
being  required  tor  stormwater  detention  of  7,300  million  gallons. 
Basins  to  be  treated  on  the  land  or  by  separate  stormwater  treatment 
plants  will  be  sized  for  the  one  year  storm.  Basins  being  treated 
with  the  wastewater  system  will  be  sized  for  30  day  storage, 
approximately  16^  of  the  annual  runoff.  The  effluent  tunnel  will 
be  sized  for  over  bOO  mgd,  requiring  about  130,000  acres  in  North 
Central  Ohio  for  land  treatment  and  additional  for  winter  storage. 

(3)  Special  Features 

With  only  three  water-based  tertiary  treatment  plants  dis- 
charging to  the  middle  reaches  of  the  Rocky  and  Cuyahoga  Rivers, 
this  plan  is  the  most  land  oriented  of  any  combination  system. 
Opportunity  exists  for  a variety  of  reuse  options,  including 
industrial  cooling,  power  plant  cooling  and  flow  augmentation  in 
ail  rivers. 

b . Hcological  Considerations 

(1)  Community  hnergetics 

Plan  8 requires  the  input  of  moderate  amounts  of  power  and 
chemicals,  contributes  toward  a stable  P/R  ratio  (functional  index 
of  the  stability  of  the  ecosystem),  in  its  land  aspects,  and 
moderately  promotes  food  chain  complexity  and  the  return  of  humic 
materials  to  the  soil.  It  will  require  major  inputs  of  labor  and 
energy  to  manage  the  residuals. 

(2)  Community  Structure 

To  the  extent  that  land  treatment  is  used,  and  effluent  is 
withheld  from  the  streams,  the  plan  provides  encouragement  to  a 
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diversity  of  aquatic  life,  to  iiighly  organized  communities,  and  to 
species  with  a narrow  tolerance  to  enviromental  factors,  all  evi- 
dent in  a stable  ecosystem.  The  plan  provides  for  major  biotic 
storage  of  nutrients. 

(.3)  Nutrient  Cycling 

The  plan  provides  for  major  recycling  of  nutrients  with 
biological  control,  fewer  inorganic  sludges,  but  with  greater 
disturbance  to  stream  regimes  and  more  threat  to  ground  water 
pollution . 

(4)  Life  History 

As  a Level  Two  plan,  niche  specialization,  larger  organisms 
and  longer,  complex  life  cycles  are  encouraged.  All  are  characteristic 
of  mature,  more  stable  aquatic  ecosystems. 

(5)  Selection  Pressure 

Tiiis  plan  is  least  compatible  with  feedback  control  of  aquatic 
populations  and  control  of  nuisance  organisms,  but  will  promote 
greater  control  of  pathogens  in  the  aquatic  ecosystem. 

(6)  Overall  Homeostasis 

ilomeostasis  refers  to  the  ability  of  the  ecosystem  to  resist 
the  disruption  of  outside  influences.  Plan  8 encourages  mutualistic 
relationships  among  organisms,  interferes  least  with  natural 
successional  development  and  promotes  major  rehabilitation  of 
disturbed  ecosystems.  It  generates  limited  amounts  of  harmful 
aerosols  (55"s  incineration)  and  requires  major  land  disturbance 
and  inter -convers  ion  to  aquatic  ecosystems.  Tlie  land  component 
provides  best  protection  of  life  from  ti\e  cumulative  effects  of  toxic 
metals  and  otner  chemicals. 
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c.  Resource  Deamnds 


Power  requirements  for  treatment  amount  to  1900  megawatts  per 
day,  currently  costed  at  $0.0121  per  KWH  for  a total  of  $22,990. 
Chemical  requirements  total  285,000  pounds  of  chlorine,  lime,  ferric 
chloride,  alum,  polymers,  and  methanol,  for  an  estimated  daily  current 
cost  of  $27,660.  Consideration  of  the  future  environmental  and 
economic  costs  of  resources  are  discussed  in  an  attachment  to  this 
report . 

d.  Reliability 

Plan  8 combines  a Level  Two  land  treatment  system  with  three 
tertiary  plants  disciiarging  to  water  (North  Olmsted,  Tinkers  Creek 
and  Akron) . The  reliability  factors  for  land  based  and  water  based 
systems  are  indicated  in  this  section  of  Plans  3 and  4 and  will 
not  be  repeated  here.  However,  note  must  be  taken  of  application 
rates^  90  inciies  for  secondary  effluent  and  150  inches  for  storm 
water,  particularly  in  tne  Rocky  River  basin,  with  tlie  observation 
that  the  effectiveness  of  land  treatment  at  these  rates  is  still  to 
be  demonstrated.  In  addition,  tlie  establishment  of  a winter  storage 
period  of  only  12  weeks,  wlicn  compared  to  long  term  freezing  records, 
seems  overly  optimistic. 

r 

c . Land  Use  Changes 

I’lan  8 is  similar  to  Plan  6 in  that  its  land  use  relates  to  an 
empliasis  on  land  treatment,  ilowever,  more  than  10,000  additional 
i.res  are  required  in-basin,  with  as  much  as  1,500  acres  being  con- 
rtvJ  to  detention  ponds  for  stormwater.  Should  projected  appli- 
’ • r ites  in  several  of  tlie  basins  prove  optimistic,  additional 
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laud  will  be  required.  Land  will  be  required  for  transmission  of  tiie 
effluent  to  Nortii  Central  Ohio,  and,  depending  on  the  acquisition 
and  management  of  agricultural  land,  can  eitner  be  highly  disruptive 
of  current  patterns  o^'  supportive.  The  transmission  and  application 
of  sludge  to  stripmined  lands  can  only  have  beneficial  consequences 
for  that  vandalized  land. 

f . t’olitical/Public  Perceptions 
ITie  institutional  and  public  problems  of  Plan  8,  will  be 

largely  related  to  land  use,  even  though  the  plan  is  a combination. 

In  this  respect  it  will  encounter  the  problems  outlined  in  Plan  2, 
plus  increased  land  use  within  the  basin  and  the  increased  costs 
related  to  Level  Two  treatment.  These  factors  are  expected  to 
magnify  the  difficulties  in  obtaining  public  acceptance  and  political 
accommodation.  Plan  8 does  use  less  v\/estern  land  than  Plan  2,  due  to 
the  portion  water-based,  but  the  exact  amount  of  land  is  not  seen  as 
critically  significant.  The  acceptance  will  depend  on  the  acceptance 
of  wastewater  as  a resource,  together  with  a continuing  public  under- 
standing and  concern  with  environmental  issues,  including  our 

diminishing  resources.  j 

1 

g . Plexibility  i 

Tne  conversion  of  la.id  plans  in-basin  to  other  treatment  metliods  < 

I 

is  readily  possible  since  land  can  revert  to  other  uses  with  no 
diminution  of  value.  Latid  can  also  respond  to  variations  in  waste- 
water  flow  far  more  readily  than  a tertiary  plant  designed  for  a 
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specific  peak  level.  At  such  time  as  the  major  commitment  of  an 
effluent  tunnel  must  be  made,  there  can  be  little  room  for  plan 
amendments  or  phasing.  The  effluent  tunnel  will  commit  the  system 
to  land  treatment  for  the  life  of  the  project,  or  the  foreseeable 
future,  because  of  the  capital  cost  involved. 

h.  Stormwater  Management 

The  level  of  stormwater  treatment  is  discussed  in  Plan  1. 

The  questionable  aspects  of  treating  stormwater  with  municipal 

sewage  are  discussed  in  Plan  3.  Otherwise  the  treatment  aspects 
are  discussed  in  Plan  4. 

i . Hydrologic  tiffects 

Plan  8 again  proposes  a major  interbasin  traiisfer  of  waste- 
water.  The  hydrologic  effects  are  not  severe  as  in  Plan  4 since 
the  500  mgd  comes  from  the  lower  basin  and  shoreline  plants.  Upper 
basins  using  land  treatment  are  generally  unaffected  while  middle 
basin  plants  discharge  either  to  adjacent  land  or  water.  U'hile 
regionalization  is  indicated  in  stormwater  treatment,  the  41 
stormwater  treatment  plants  provide  good  distribution  of  the  return 
flow.  The  hydrologic  effect  on  out-of-basin  streams  is  discussed 
in  Plan  2 . 

j . Res iduals  * 

i 

I 

The  treatment  plant  residuals  include  t>28  dry  tons  of  sludge  j 

daily,  or  about  230,000  tons  per  year.  The  residuals  from  storm-  j 

water  treatment,  largely  sedimentation,  amount  to  over  142,000  tons  j 

The  effluent  from  the  secondary  plants  will  carry  plant  | 
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per  year. 


nutrients.  The  residual  from  the  tertiary  plants  will  include  a 
considerable  amount  of  non-organic  sludges  from  chemical  treatment. 


h . disposal  Methods 

Plan  8 projects  the  use  of  a major  amount  of  the  secondary  sludges 
for  use  in  the  reclamation  of  Ohio  stripmlned  areas.  The  cost  for 
transmission  of  sludges  to  some  disposal  point  is  one  that  must  be 
borne  in  any  event,  and  the  possibility  of  the  use  of  an  old  coal 
slurry  pipeline  from  the  Lake  to  Harrison  County  is  fortuitous. 


Since  several  state  agencies  and  commissions  have  responsibility  for 
the  reclamation  of  stripmined  land,  the  management  of  this  resource 
may  well  be  delegated  to  them.  The  transmission  and  management  of 
the  nutrient-rich  effluent,  may  potentially  be  either  a government 
responsibility,  or  one  that  can  be  contracted  to  private  farm 
operators.  The  transmission  costs  might  well  be  higher  under  a 
private  contract  arrangement,  but  tixe  social  and  economic  disruption 
would  be  less.  In  agricultural  application,  the  crop  residual  must 
be  considered  if  government  managment  is  used.  The  possibility  that 
the  IJ.S.  agricultural  surplus  is  a thing  of  the  past,  and  that  major 
cnanges  may  be  taking  place  in  the  national  agricultural  establisiiment , 
cannot  be  discounted.  If  a realistic  resource  policy  is  adopted, 
all  secondary  effluent  may  be  in  demand.  .’j 
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Plan  9,  Level  Two,  Combination  Land/Watcr  Based 
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a.  General  Features 

Plan  9 is  a highly  regionalized  system  providing  only  eleven 
plant  locations  in-basin.  Four  shoreline  plants  will  be  converted 
to  provide  only  primary  treatment  for  domestic/industrial  sewage  and 
stormwater  before  discharge  to  the  effluent  tunnel.  This  sewage  will 
be  treated  in  North  Central  Ohio  in  aerated  lagoons  before  use  for 


irrigation  of  adjacent  agricultural  lands.  Other  plants  arc  tertiary, 
water-based  with  the  exception  of  two  small  land-based  plants  in  the 
upper  Cuyahoga  basin.  Underground  storage  is  provided  for  combined 
overflows  in  advance  of  tertiary  treatment  while  separate  urban 
storm  flows  are  stored  for  release  and  treatment  in  off-peak  hours 
of  sanitary  sewage  plants. 


^ - 

Plant  Configuration 

No . 

Type 

SWTP 

Acreage  in  Basin 

Rocky  River 

1 

T 

Chagrin  River 

1 

T 

Cuyahoga  River 

5 

2S,3T 

2,500 

Lake  Brie 

_± 

P 

2 

Total 

11 

2 

2,500 

(1)  Sludge  Disposal 

Holding,  concentration,  incineration,  disposal  to  landfill  58.54 
Direct  land  application  after  pumping  from  aerated  lagoon  41. 5o 
(2)  Facilities  Required 

Land  treatment  and  winter  storage  will  require  about  2500  acres 
in  the  upper  Cuyahoga  basin.  Detention  storage  ponds  for  urban  run- 
off will  require  about  2100  acres.  Nearly  10,000  million  gallons  u i 1 1 
require  storage,  largely  designeu  for  .30  day  capacity,  for  flow 
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equalization  before  release  to  the  tertiary  plants  for  treatment. 
Western  land  treatment  will  require  some  62,000  acres,  with  additional 
lands  for  winter  storage  and  for  aerated  lagoons. 

(3)  Special  Features 

While  limited  stream  management  possibilities  exist  in  the 
Upper  Cuyahoga,  all  stormwater  and  sewage  flows  are  completely  col- 
lected in  other  areas,  removing  flow  from  streams  and  resulting  in 
extensive  transmission  lines  to  regionalized  plants. 

b . Ecological  Considerations 

(1)  Community  Energetics 

Plan  9 consumes  relatively  little  power  but  large  amounts  of 
chemicals,  principally  for  tertiary  treatment.  It  makes  moderate 
contributions  toward  a stable  P/R  ratio,  (functional  index  of  the 
stability  of  an  ecosystem)  complex  food  chains,  and  return  of  humic 
materials  to  the  land.  It  will  require  extensive  human  and  mechanical 
input  to  maintain  stability  in  the  receiving  ecosystems. 

(2)  Community  Structure 

The  plan  encourages  diversity  of  aquatic  life,  highly  organized 
communities  and  species  with  a narrow  tolerance  of  change,  all 
normally  evident  in  a stable  ecosystem.  It  provides  opportunity  for 
some  biotic  storage  of  plant  nutrients. 

(3)  Nutrient  Cycling 

I'hc  plan  provides  for  about  40  o recycling  of  nutrients.  It 
moderately  encourages  biological  control  of  nutrient  cycling,  generates 
moderate  amounts  of  inorganic  sludges  and  will  exert  major  influence 
on  hydrologic  regimes  in  the  basin  by  removing  stormwater.  The 
potential  threat  to  groundwater  quality,  by  loss  from  aerated  lagoons 
and  by  leaching  of  nitrogen  is  high. 
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(4)  Life  History 


Within  the  aquatic  ecosystem,  the  plan  will  foster  niche 
specialization,  a larger  size  of  organism  and  longer  complex  life 
cycles,  all  characteristic  of  mature  stable  ecosystems. 

(5)  Selection  Pressure 

Within  the  aquatic  ecosystem,  this  plan  will  provide  least 
feedback  control  of  population  growth  and  will  potentiate  growth 
of  nuisance  organisms  such  as  mosquitoes,  midges  and  aquatic  weeds 
and  algae.  While  land  treatment  tends  to  provide  better  control 
of  pathogens,  the  aerated  lagoon  system  elements  may  limit  this 
efficiency . 

(6)  Overall  Homeostasis 

Homeostasis  refers  to  the  ability  of  the  ecosystem  to  resist 

‘‘  disruption  caused  by  outside  influences.  Plan  9 maximizes  organism 

1 interrelations  and  natural  successional  development,  promotes  minor 

rehabilitation  of  disturbed  ecosystems,  generates  some  potentially 

harmful  aerosols  by  incineration  and  requires  moderate  disturbance 

of  terrestrial  ecosystems  and  some  interconversion  for  both  aerated 

lagoons  and  winter  storage.  The  question  of  the  protection  of  plant, 

animal  and  human  life  from  cumulative  effects  of  toxic  metals 

normally  is  resolved  in  favor  of  land  treatment.  However,  without 

chemical  flocculation  applied  in  an  aerated  lagoon  system,  greater 

flow  through  must  result  as  compared  to  an  activated  sludge  secondary 

and  less  than  full  credit  must  be  allowed  on  this  Inisis. 

I 
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The  power  requirements  in  Plan  9 amount  to  1200  megawatts  per 
Jay,  primarily  for  plants  providing  tertiary  treatment.  No  power 
costs  are  included  in  this  total  for  effluent  tunnel  transmission  or 
aeration  or  for  the  power  costs  of  aeration  within  lagoons.  The 
current  cost  at  $0.0121  per  KWH  will  be  $14,520  per  day.  Chemical 
requirements,  also  largely  for  tertiary  treatment,  amount  to  552,000 
pounds  and  a current  estimated  cost  of  $59,155  per  day.  Reference  is 
made  to  the  attached  paper  on  future  environmental  and  economic 
costs  of  resources. 

d.  Reliability 

Plan  9 is  a combination  plan  that  reverses  the  usual  order  in 
that  upper  and  middle  basins  use  tertiary  treatment  and  discharge 
to  water  while  four  shoreline  plants  will  provide  only  primary 
treatment  and  discharge  minimally  treated  raw  sewage  to  the  effluent 
tunnel.  The  reliability  aspects  of  water  based  plants  are  discussed 
in  Plan  3.  The  transmission  of  raw  sewage  over  long  distances  may 
well  create  conditions  inimical  to  the  pipe  structure.  The  high 
BOD  temperature  and  the  long  travel  time  can  create  septic  conditions 
leading  to  sulfide  evolution  in  addition  to  the  obvious  sulfate 
corrosion.  The  effect  of  these  products  when  discharged  need 
cons iderat ion . Under  these  circumstances  the  reliability  of  single 
pipelines  and  pumping  arrangements  is  open  to  question.  The  lack  of 
alternatives  to  dumping  raw  sewage  in  the  lake  in  case  of  failure 
of  transmission  is  distressing.  The  reliability  of  the  aerated 
lagoon  to  produce  secondary  quality  effluent  under  all  conditions, 
few  of  which  arc  under  control  of  the  operator,  must  l)e  i|ucstioned. 
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Reference  is  made  to  the  attached  discussion  of  aerated  lagoons  and 
to  the  land  questions  in  Plan  2. 

e , Land  Use  Changes 

Plan  9 requires  2,500  acres  for  land  treatment  and  storage  in 
the  Upper  Cuyahoga  Basin,  plus  pretreatment  storage  space.  Western 
land  treatment  and  storage  requires  about  62,000  acres  plus  space 
for  aerated  lagoons  and  winter  storage.  Nearly  60%  of  the  sludge 
will  be  incinerated,  requiring  landfill  space  on  isolated  acreage 
in  the  basin. 

The  problems  noted  in  several  preceding  discussions  of  land 
use  changes  (Plans  2 and  4)  will  be  exacerbated  in  Plan  9.  Although 
the  in-basin  land  use  is  relatively  small,  the  transmission  of  raw 
sewage  from  the  shoreline  plants  to  western  agricultural  areas 
constitutes  a shift  in  the  quality  of  the  land  use  proposed.  The 
highly  regionalized  character  of  the  plan  will  require  long  trans- 
mission lines  within  the  basin,  involving  rights-of-way  and  the 
removal  of  flow  to  a critical  degree  from  some  tributaries,  which 
of  itself  will  affect  land  uses  and  values  adjacent  to  these  streams, 


f . Political/Public  Perceptions 
An  environmentally  desirable  plan  for  the  treatment  of  waste- 
water  in  the  basin  involving  the  reuse  of  the  nutrients  that  are 
present,  will  depend  in  large  measure  upon  the  public  image  that 
can  be  generated  in  support  of  a plan  to  transmit  these  resources 
to  the  land.  It  must  be  questioned,  whether  the  added  burden  of  the 
transmission  o(  raw  sewage,  and  the  use  of  aerated  lagoons,  can  be 
added  to  the  interbasin  transfer  and  the  use  of  large  amounts  of 
agricultural  land  in  North  Central  Ohio,  and  still  remain  a ])olitically 
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viable  plan.  Other  institutional  factors  apply  that  have  been  dis-  i 

■ i 

cussed  in  Plans  2 and  4.  | ! 

. I 

g . Flexibility 

4s  a Level  Two  plan,  the  options  within  the  basin  will  be  just 
about  used  up  with  the  installation  of  tertiary  plants.  The  flexi- 
bility of  water  based  treatment  is  discussed  in  Plans  1 and  3.  The 
use  of  only  primary  treatment  at  shoreline  plants  requires  a phasing 
out  of  other  treatment  methods  but  leaves  the  door  open  for  later 
plant  construction  related  to  land  use  options.  The  construction  of 
the  effluent  tunnel  limits  any  other  approach.  The  transmission  of 
sewage  with  only  primary  treatment  will  limit  the  use  of  the  effluent 
for  once  through  cooling  for  shoreline  power  plants.  Other  questions 
must  be  raised  regarding  the  use  of  effluent  from  aerated  lagoons  for  , 

power  related  cooling  due  to  the  potentially  high  algal  content. 

h . Stormwater  Management  ‘ 

? 

The  discussion  of  stormwater  treatment  levels  in  Plan  1 and 
Plan  3 generally  apply  to  this  plan  as  well.  Runoff  will  le 
collected,  stored  and  conveyed  to  very  few  tertiary  treatment  plants 
for  treatment  in  the  hydrologic  valley  of  the  sanitary  sewage  treatment. 

The  questionable  efficiency  of  this  plan  is  discussed  in  Plan  3. 

i . Hydrologic  Effects  ^ 

The  most  significant  hydrologic  effect  in  this  plan  is  the  i 

combination  of  stormwater  treatment  at  five  plants  in  the  basin. 

The  diversion  of  stormwater  downstream  to  regional  plants  will 
reduce  the  flow  in  several  reaches  of  streams  and  may  completely 
dry  up  some  of  the  smaller  tributaries.  The  interbasin  transfer 
will  not  have  an  additional  effect  since  only  shoreline  plants  are 
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involved.  l.css  than  300  myd  arc  lioing  transferred  and  the  elfcct  on 
the  western  areas  are  less  than  half  of  that  discussed  in  Plan  2. 


j . Residuals 

Residual  sludges  from  tertiary  treatment  will  be  handled  by 
incineration  and  the  balance  disposal  to  landfill.  About  114,000 
tons  of  sedimentation  will  be  recovered  yearly  from  the  stormwater 
collection  basin.  The  sludges  produced  in  the  facultative  sections 
of  the  aerated  lagoons  will  be  dredged  hydrualically  and  pumped  to 
adjacent  agricultural  lands. 

k . Disposal  Methods 

The  costs  generated  by  disposal  include  incineration  costs 
indicated  in  Plan  1 and  the  transmission  and  continued  management 
costs  for  sludge  and  effluent  application. 
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a.  General  Features 

Plan  10  provides  a "pure"  advanced  biological  treatment  plan 
based  on  the  same  plant  sizing  and  location  as  in  Plan  5.  The  basic 
activated  sludge  process  is  upgraded  by  adding  ammonia  oxidation 
(nitrification),  adding  alum  for  phosphate  removal,  denitrification 
of  organic  nitrogen  using  methanol,  the  addition  of  organic  polymers 
and  filtration  for  solids  removal,  and  finally  a carbon  adsorption 
system  for  removal  of  refactory  organics  with  the  carbon  regenerated. 
If  necessary  to  meet  reuse  standards,  a reverse  osmosis  process  would 
also  be  added.  All  stormwater  runoff  will  be  treated  after  detention 
storage  for  flow  leveling. 

Plant  Configuration  No . Type  SWTP  Acreage  in  Basin 
Rocky  River  7 T --  For  Stormwater 

Chagrin  River  7 T --  Detention  Only 

Cuyahoga  River  10  T 

Lake  Lrie  _5  T 

Total  29  2,100 

(1)  Sludge  Disposal 

Concentration,  stabilization  and  transmission  to  stripmines  95o 
Concentration,  stabilization,  disinfection,  land  treatment  5-o 

(2)  Facilities  Required 

All  discharges  are  to  water,  therefore  no  winter  storage  is 
required.  However,  stormwater  collection  and  holding  basins  will 
require  about  2100  acres. 
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b .  Ecological  Considerations 


Plan  10  being  an  all  water  based,  advanced  biological,  Level  Two 
plan,  has  all  the  ecological  impact  of  Plan  3.  The  major  exception 
is  in  sludge  handling  which  places  into  local  land  treatment  and 
95%  to  strip  mines  reclamation,  thereby  improving  Plan  lO's  ecological 
rating.  Reference  is  made,  therefore,  to  the  ecological  evaluation 
of  Plan  3. 

c . Resource  Demands 

Plan  10  will  require  the  input  of  2460  megawatts  of  power  per 
day  for  carbon  adsorption,  aeration,  denitrification,  mixing  and 
primary  treatment.  The  power  cost  per  day  at  $0.0121  per  KWH  will 
amount  to  $29,766.  The  chemical  input  of  833,000  pounds  of  lime, 
chlorine,  alum,  polymers  and  major  amounts  of  methanol  will  cost  an 
estimated  $98,025  at  today's  prices.  The  process  loss  of  carbon  in 
regeneration  has  not  been  included.  Future  cost  considerations  are 
reviewed  in  an  attachment  to  this  report. 

d . Reliability 

Plan  10  uses  the  plant  configurations  and  methods  of  Plan  3. 
Reference  is  made  to  the  discussion  under  the  reliability  section 
of  Plan  3 for  this  and  for  the  discussion  of  Land  Use  Changes, 
Political  and  Public  Perceptions,  Flexibility,  and  Stormwater  Manage- 
ment. The  effluent  flows  and  Hydrologic  Effects  are  also  identical. 
The  residuals  include  923  dry  tons  per  day  of  sludges  and  132,000 
tons  per  annum  of  sediment  from  stormwater  detention  basins.  Tlie 
usual  cost  of  disposal  relative  to  stripmine  and  agricultural  land 
disposal  are  also  indicated. 
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r 11-  Plan  II,  Level  Two,  Advanced  Physical/Chemical 


a.  General  Features 

Plan  11  provides  a "pure"  advanced  phys ical/ chemical  treat- 
ment plan  based  on  the  plant  sizing  and  location  as  in  Plan  3. 
riie  basic  physical/chemical  system  incorporates  lime  coagulation 
and  clarification,  recarbonation , filtration  and  carbon  adsorption. 
Ihj s is  upgraded  by  a second  stage  clarifier  for  phosphorus  remov- 
al, breakpoint  chlorination  for  ammonia  nitrogen  removal,  addition- 
al carbon  adsorption  and  final  ozonation.  All  products  are  in- 
cinerated to  asn  in  the  process  of  regeneration  of  lime  and  carbon. 
Ail  stormwater  runoff  will  be  treated  after  detention  storage  for 
flow  leveling. 


Plant  Configuration  .\'o . Type  SWTP  Acreage  in  Basin 


Rocky  River 

7 T 

3 T 

325 

Chagrin  River 

7 T 

— 

182 

Cuyahoga  River 

9 T 

3 T 

737 

Lake  Erie 

— 

57 

Total 

28 

6 

1301 

(1)  Sludge  Dis 

posal 
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(2)  Facilities 

Required 

As  in  Plan  10,  ail 

discharges 

are  to  wa 

ter,  therefore 

no  winter 

storage  is  required. 

Stormwater 

collection 

and  detention 

will  require 
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2100  acres  for  13o  basins. 
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b . Ecological  Considerations 

Flan  11,  based  as  it  is  on  Plan  3,  and  providing  water-based. 
Level  Two  treatment,  nas  most  of  the  ecological  characteristics 
of  Plan  3.  It  differs  in  several  significant  sections  however, 
and  these  sections  are  considered  below. 

(1)  Community  Energetics 

Plan  11  consumes  the  largest  amount  of  resources  for  treatment 
of  any  plan  and  equals  the  high  power  consumption  of  Plans  3 and 
10.  No  humic  materials  are  returned  to  the  ecosystem  of  origin. 

(2)  Nutrient  Cycling 

The  plan  provides  no  organic  sludges  for  reuse,  all  being  in- 
cinerated in  the  regeneration  of  process  chemicals.  The  plan,  of 
course,  generates  the  highest  amount  of  sludges  with  no  reuse 
potential . 

(3)  Selection  Pressure 

As  a Level  Two  plan,  with  final  carbon  adsorption  and  ozonation, 
the  control  of  the  release  of  pathogens  to  the  water  is  probably 
better  than  Plan  3,  although  the  regrowth  of  bacteria  in  carbon 
adsorption  columns  must  be  considered  as  a potential  problem. 

(4)  Overall  Homeostasis 

Plan  11  does  nothing  to  promote  the  rehabilitation  of  the  strip- 
mines  or  any  other  ecosystem.  It  generates  the  largest  quantities  of 
potentially  harmful  aerosols,  far  more  than  Plan  3.  The  pliysical- 
chemical  process  provides  better  removal  of  metals  and  chemicals  and 
thereby  provides  better  protection  than  Plan  3 from  potential  cumu- 
lative effects. 
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Resource  Demands 


c . 

Ihe  power  requirements  for  Plan  11  amount  to  2460  megawatts 
per  day,  costing  $29,766  at  the  current  rate  of  $0.0121  per  KWH. 
liie  chemical  requirements  constitute  the  largest  volume  per  day  of 
any  plan  although  not  of  cost.  Massive  amounts  of  chlorine  are  re- 
quired for  breakpoint  ciilorination  as  well  as  lime,  calcium  oxide 
and  polymers.  Transportation  and/or  storage  of  chemicals  may  become 
critical.  The  ciiemical  use  will  amount  to  1,925,000  pounds  per  day 
at  an  estimated  cost  of  $50,989.00.  Consideration  of  future  costs 
of  power  and  other  resources  is  discussed  later  in  this  report. 

d.  Reliability 

Plan  11  is  based  on  the  configuration  of  Plan  3 but  discards 
biological  secondary  and  tertiary  steps  for  a "pure"  physical- 
cnemicai  plan.  The  treatment  indicated  has  yet  to  receive  major 
application  and  is  therefore  somewhat  difficult  to  assess.  The 
system  is  certainly  not  susceptible  to  shock  loading  and  other 
factors  that  make  the  biological  process  unreliable  at  times.  On 
tne  other  hand  its  efficiency  in  removing  certain  products,  metals 
for  instance,  and  then  releasing  them  into  the  regeneration  stack 
gas  to  pollute  the  air,  is  questionable.  The  use  of  massive  amounts 
of  cnlorine  for  breakpoint  chlorination  and  nitrogen  removal  adds 
massive  amounts  of  dissolved  chlorides  to  the  effluent  and  must  be 
counted  as  a negative  aspect.  The  reliability  evaluation  needs 
additional  investigation  of  the  most  recent  applications. 


e . Land  Use  Changes 

Reference  is  made  to  this  section  under  Flan  3,  with  the  addi- 
tional note  that  space  requirements  for  receiving  and  storage  of 
treatment  chemicals  will  be  more  than  four  times  any  other  plan. 

f . Political/Public  Perceptions 

Again  reference  is  made  to  Plan  3.  Additional  public  resist- 
ance might  be  generated  by  air  pollutional  problems,  the  disposal 
of  large  amounts  of  inorganic  sludges  and  failure  to  recycle  the 
nutrients . 

g.  Flexibility 

Plan  11,  using  "pure"  physical-chemical  plants  is  considered 
the  least  flexible  of  any  plan. 

h.  Stormwater  Management 

Reference  is  made  to  this  section  of  Plan  3 and  to  the  section 
on  Hydrologic  tiffccts  which  are  identical. 

i . Residuals 

The  residuals  in  Plan  11  consist  of  about  682  dry  tons  of 
waste  ash  from  the  reclamation  furnace  and  132,000  tons  annually  of 
sedimentation  from  stormwater  collection  basins. 

j . Disposal  Methods 

The  costs  of  incineration,  air  pollution,  and  land  disposal 
are  unalloyed  by  any  reuse  potential.  Its  principal  deficiency 
must  be  cnaracter i zed  as  the  greatest 
least  reuse  potential. 
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Plan  12,  Level  Two,  Land  Based 


a . General  Features 

Plan  12  is  a "pure"  land  treatment  plan,  generally  based  on 
the  conf iguration  of  Plan  4,  but  adding  the  land  treatment  of 
Akron  sewage  within  the  basin.  Domestic,  industrial,  and  com- 
bined sewage  will  be  collected,  treated  in  aerated  lagoons,  stored 
as  necessary,  and  applied  for  land  irrigation.  Separate  storm- 
water will  be  collected,  stored,  and  applied  to  adjacent  land  at 
an  annual  150"  over  a 40-week  period.  Other  separate  stormwater 
may  oe  handled  oy  30-day  detention  and  processing  through  aerated 
lagoon  secondary  treatment  before  land  application.  Combined  storm 
runoff  basins  will  have  3-day  detention  capacity  and  will  release 
to  the  collection  system  for  treatment  in  off-peak  hours.  All 
secondary  treatment  will  be  oy  aerated  lagoon.  The  plan  also 
anticipates  tne  acceptance  of  untreated,  or  partially  treated, 
industrial  wastes. 


Plant  Configuration 

No . 

Type 

SWTP 

Acreage  in  Basin 

Rocky  River 

8 

6S,2P 

12 

4,856 

Chagrin  River 

6 

S 

12 

5,519 

Cuyahoga  River 

15 

14S,1P 

21 

42,390 

LaKe  brie 

5 

P 

1 

Total 

7T 

JU 

rJ7T6T 

(1)  Sludge  Disposal 

Sludge  will  be  pumped  from  the  facultative  section  of  the 
aerated  lagoons  and  applied  with  deep  plowing  in  the  western  lands, 
and  by  otner  metnods  witnin  the  basin.  Sedimentation  from  storm- 
water detention  basins  will  be  used  for  top  soil  and  landfill. 


(21  I'aciiities  Required 


ihe  aerated  lagoon  system  proposed  indicates  a sequence  of 
deep  (iS-20  feet)  aerated  lagoons,  providing  a completely  mixed 
system,  followed  by  a facultative  lagoon.  Detention  times  of 
3.3  and  10  days  respectively  are  indicated.  Chlorination  follows 
the  second  lagoon.  Slow  speed  mcciianical  aerators  are  used.  Ex- 
tensive utilization  of  land  in  basin  will  be  required  for  land  treat- 
ment, detention,  winter  storage,  and  aerated  lagoons.  Certain  appli- 
cation techniques  will  require  public  ownership  of  the  land  con- 
cerned. The  plan  contemplates  replacement  of  all  plants  by  an 
aerated  lagoon  treatment  system.  Since  raw  sewage  is  being  con- 
veyed to  western  agricultural  areas,  aeration  of  the  effluent  tunnel 
will  oe  required  to  prevent  sulfate  corrosion. 

(3)  Special  Features 

There  are  many  unusual  techniques  and  features  covered  in  this 
plan,  including  the  sole  use  of  aerated  lagoons  and  the  phasing  out 
of  ail  current  plants.  fne  application  technique  of  "Mini -Border/ 
Open  Space"  is  introduced,  witii  application  rates  of  up  to  150"  per 
year  on  Mahoning  soils.  Other  irrigation  methods  are  introduced, 
togetner  witii  suggested  farm  management  techniques  for  varying  soils 
and  crops.  Tlie  mini -border  application  will  require  public  owner- 
ship of  tiie  land,  and  will  exclude  any  alternate  use.  The  potential 
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located  generally  as  suggested  in  the  Northwest  Water  Development 
Plan.  Recreational  opportunities  are  also  indicated  in  accordance 


witn  tne  same  plan.  Recycling  of  all  nutrients  in  the  effluent  is 
indicated . 


b . Geological  Considerations 

While  the  ecological  impacts  of  Plan  12  are  related  to  other 
plans,  the  number  of  innovative  departures  from  other  land  plans 
tends  to  establish  a picture  witn  distinct  differences  unrelated  to 
the  land  in  use . 

(1)  Community  energetics 

Plan  12  is  unique  in  tnat  it  consumes  no  chemicals  or  other 
resources  for  municipal  treatment  and  only  minor  amounts  for 
stormwater  and  tiiat  the  energy  input  for  treatment  (transmission  is 
not  included)  is  less  than  a third  of  the  twelve  plan  average.  It 
will  contribute  hignly  toward  achieving  a unitary  P/R  ratio  (gross 
production/ total  community  respiration  is  a functional  index  of 
the  relative  maturity  of  the  ecosystem).  It  will  moderately  pro- 
mote the  development  of  complex  food  chains  and  maximize  the  re- 
turn of  humic  materials  to  the  soil.  The  management  of  the  re- 
siduals in  agriculture  will  require  effort  and  energy  to  main- 
tain stability  in  the  ecosystem. 


(2)  Community  Structure 

As  a Level  Two  plan  it  will  provide  encouragement  to  the  di- 
versity of  aquatic  life,  to  highly  organized  communities,  and  to 
species  with  a narrow  range  of  tolerance,  all  typical  in  a stable 
ecosystem.  It  will  maximize  biotic  storage  of  major  plant  nutrients 
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(3)  Nutrient  Cycling 

The  plan  maximizes  recycling  of  pliosphorus  and  nitrogen, 
tne  reuse  of  organic  slud,.-s  as  soil  conditioners,  and  the 
biological  control  of  nutrient  cycles.  It  generates  few  in- 
organic sludges,  ilowever,  the  plan  may  be  expected  to  disturb 
current  (natural?)  hydrologic  regimes,  and  may  from  aerated  la- 
goons, land  applications,  and  storage,  threaten  the  quality  of 
ground  water  through  leaching  of  nutrients  and  other  chemical  con- 
stituents . 

(4)  Life  History 

As  a Level  Two  plan,  returning  a relatively  pure  effluent  to 
the  streams  and  Lake  Erie,  the  plan  will  encourage  niche  special- 
ization, a larger  size  of  organism  and  longer,  more  complex 
life  cycles  in  the  aquatic  ecosystem,  conditions  characteristic 
of  maturity. 

(5)  Selection  I’ressure 

Tlie  plan  will  provide  least  selection  pressure  in  aquatic 
ecosystems  and  may  promote  outbreaks  of  nuisance  organisms  tlirough 
disturbance  to  the  present  ecosystem.  It  may  also  allow  disease 
organisms  to  spread  more  rapidly.  The  effectiveness  of  the  land  fil- 
ter may  be  Hampered  by  the  typo  of  secondary  treatment  which  per- 
mits a less  effective  removal  of  pathogens. 

(6)  Overall  ilomeostasis 

Homeostasis  refers  to  ti\e  ability  of  an  ecosystem  to  resist  the 
disruption  of  outside  influences.  Plan  12  maximizes  mutualistic  or 

3 73 


synergistic  relationships  among  organisms,  interferes  least  with 
natural  successional  development,  but  makes  no  attempt  to  promote 
renabilitation  of  strip  mines  or  other  areas.  Without  incineration 
tne  plan  generates  no  chemical  air  pollution  but  may  produce  some 
aerosol  effect  in  mechanical  aeration  of  treatment  lagoons.  The 
plan  will  require  large  areas  of  land  for  treatment  purposes  and 
will  provide  most  disturbance  to  the  terrestrial  ecosystem  and  re- 
quire conversion  of  large  areas  of  land  into  treatment  and  storage 
ponds.  The  use  of  filtration  following  secondary  treatment  would 
normally  be  expected  to  sequester  or  degrade  metals  or  other  toxic 
cnemicals  tnat  might  otherwise  accumulate  in  plant  or  anima]  tissue. 
Activated  sludge  treatment  would  remove  approximately  80%  of  metals 
which  then  might  be  transferred  to  strip  mine  areas  on  non-productive 
soils.  Plan  12  will  treat  in  aerated  lagoons  and  transfer  the  sludge 
to  land  in  agricultural  use.  Plan  12  also  suggests  that  due  to  the 
treatment  capacity  of  the  land,  industrial  pre-treatment  for  removal 
of  toxic  wastes  is  unnecessary.  This  additional  burden  and  the 
application  of  the  resultant  sludges  and  effluent  to  agricultural 
lands,  plus  conflicting  documentation  about  the  selective  uptake  by 
plants  of  hazardous  metals,  make  this  land  plan  less  effective  than 
o thers  . 

c . Resource  Requirements 

Power  requirements  for  transmission  and  mechanical  aeration  in 
treatment  lagoons  give  this  plan  the  highest  energy  cost  of  any 
plan,  .n'o  chemical  requirements  are  calculated  for  domestic  treatment 
althougn  significant  amounts  of  cnlorine  will  be  used  for  chlorination 
of  the  final  effluent  from  the  aerated  lagoons.  Stormwater  treatment 
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ill  Plan  iZ  will  require  about  S5,U00  pounds  of  chemicals  per  day, 
primarily  activated  carbon.  The  variegated  land  management  techniques 
suggested  for  this  plan  also  suggest  considerable  management  effort 
and  supplemental  energy  requirements  to  make  it  effective. 

d.  Reliability 

In  comparison  to  all  other  plans,  Plan  12  must  rank  highest  in 
the  introduction  of  innovative  techniques  and  combinations  thereof. 

The  only  difficulty  with  such  innovation  is  that  there  is  less  re- 
ported experience  to  confirm  the  reliability  or  efficiency  of  the 
technique.  While  a number  of  criticisms  and  questions  are  raised 
in  this  section  about  Plan  12,  the  intention  is  to  indicate  a 
necessity  for  small  scale  field  testing  and  further  evaluation  before 
acceptance . 

Among  tnese  questionable  techniques  are  the  transmission  of  raw 
sewage  from  the  basin  to  westerly  agricultural  lands,  the  use  of 
aerated  lagoons  to  achieve  secondary  effluent  quality  without  ac- 
knowledging tile  necessity  for  extreme  flexibility  in  this  climate, 
and  the  use  of  the  mini -border/overland  runoff  technique  for  land 
application.  The  transmission  of  raw  sewage  is  discussed  in  Plan  P, 
and  reference  is  made  to  that  section.  The  use  of  aerated  lagoons 
is  also  discussed  in  Plan  9 and  in  a previous  section  of  this  report. 
Tile  inability  to  control  the  quality  of  the  effluent,  the  unusual 
sizes  and  sequence  of  the  lagoon  system  and  tlie  influences  of 
temperature  on  holding  times  in  this  climate  need  further  checking. 

Tiie  mini-border  technique  is  discussed  under  tiie  next  section, 
but  it  is  necessary  to  say  tliat  the  available  literature  and  tiie 
experience  of  tno  evaluators  is  contrary  to  the  suggestion  of  iiigli 
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application  rates  on  iillsworth-Mahoning  Soils.  The  method  would 
be  exceptional,  if  it  would  work.  Field  testing  is  essential.  Some 
questions  have  also  been  raised  with  regard  to  continual  irrigation 
by  drip  tubes.  The  literature  suggests  that  a drying  period  is 
essential  to  avoid  the  development  of  anaerobic  conditions  or  other 
conditions  that  would  clog  the  soil  porosity.  An  adjustment  of 
technique  is  indicated. 

A final  suggestion  made  in  Plan  12  is  that  land  treatment  elimi- 
nates or  reduces  the  necessity  and  therefore  the  cost  of  industrial 
pretreatment . The  soil,  it  is  said,  can  accept  and  store  virtually 
unlimited  amounts  of  metals,  without  toxicity  to  the  soil  or  plants. 
Unresolved,  in  tne  minds  of  the  evaluators,  are  questions  relating 
to  long-term  toxicity  in  the  soil,  the  selective  uptake  and  con- 
centration of  metals  by  plants  and  the  subsequent  transfer  to  her- 
oivores  or  humans  in  food.  Investigators  at  this  time  are  only 
able  to  hint  at  the  possible  association  between  soil  contaminants 
(or  materials  naturally  present)  and  morbidity.  There  are  enough 
indications  of  a relationship  to  oncogenic,  teratogenic  and  mutagenic 
occurences  to  make  a cautious  approach  the  one  of  choice . 

e . Land  Use  Changes 

Plan  12  minimizes  transmission  of  effluent  to  western  agricul- 
tura]  land  by  allocating  increased  land  treatment  within  the  Basin, 
principally  from  Akron.  Thus,  over  60,000  acres  are  required  in 
the  basin  for  land  treatment,  detention  and  winter  storage.  The 
agricultural  acreage  in  North  Central  Ohio  is  substantially  reduced 
from  previous  land  plans.  Additional  acreage  use^  both  in-basin 
p'.’.u  to  the  west,  relate  to  aerated  lagoon  secondary  treatment.  All 
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C021S  i Jera  tioiis  of  land  use  changes  previously  discussed  for  in-basin 
land  treatment  are  applicable,  witii  furtiier  concern  warranted  by  Plan 
Id's  increased  basin  acreage  requirements  and  the  proposed  metliods 
of  aerated  lagoon  treatment  and  effluent  application  on  the  land. 

Iransmission  of  raw  sewage  for  aerated  lagoon  treatment  intensifies 
problems  of  public  acceptance,  due  to  tlie  impact  of  occasional  aesthetic 
failure  and  landscape  disruption.  The  mini -border/over land  run  off 
technique  proposes  an  application  rate  to  Mahoning-Hlisworth  soil 
of  90  to  150  inenes  annually.  However,  should  assumptions  concerning 
soil  types  ajid  applicatioji  rates  be  invalidated,  the  availability  of 
alternate  soils  and  increased  acreage  required  by  lower  application 
rates  will  warrant  critical  concern.  Also,  the  mini-border  tecJinique 
requires  that  tlie  treatment  land  would  be  publicly  owned  open  space 
areas  and  grecnbelts.  Such  land  use  would  provide  benefits  and  re- 
strict urban  sprawl,  but  the  proposal  is  dependent  on  effectiveness 
of  infiltration  of  effluent  on  the  chosen  soils.  If  the  effluent 
cannot  move  tnrougii  tne  soil,  continuous  wetness  of  tne  soil  during 
tne  irrigation  period  would  proliibit  any  beneficial  public  use  and 
negatively  impact  the  visual  image.  Sludge  application  on  Mahoning- 
hilswortii  soils  is  also  questionable  since  even  digested  sludge 
produces  an  odor  and  leaches  with  a resultant  brown  liquor.  Negative 
enviromcntal  effects  may  also  occur  due  to  the  effects  of  a wetter 
ecosystem  on  plant  and  animal  diversity. 

However,  if  tiie  soil  problems  can  be  worked  out,  the  public  use 
potential  may  satisfy  some  recreational  demands  in  the  region. 

Potential  sites  indicated  in  the  Ohio  Outdoor  Recreation  Study  and 
the  area  designated  by  the  Cuyahoga  Park  Plan  currently  pending 
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in  Congress  could  provide  an  initial  planning  framework  for 
coordinating  land  treatment  potential  with  recreational  development. 

An  additional  consideration  for  Plan  12  is  the  lack  of  sludge 
application  on  stripmined  land.  Considering  that  right-of-way  for 
transmission  already  exists  and  that  rehabilitation  of  the  vandalized 
land  lias  a high  environmental  priority,  stripmine  application  may  be 
considered  as  an  alternative  to  minimize  the  extensive  acreage 
requirement  of  in-basin  land  treatment. 

f . Political/Public  Perceptions 

If  any  of  the  previously  discussed  considerations  of  insti- 
tutional responses  to  in-basin  land  treatment  are  accurate,  they 
can  be  expected  to  become  more  significant  in  Plan  12.  Problems 
of  political  accommodation  and  public  perceptions  relative  to 
western  land  treatment  are  also  applicable.  Additional  factors 
of  Plan  12  which  may  inhibit  public  acceptance  are  the  phasing  out 
of  all  current  plants  and  the  possible  negative  aesthetic  impact 
of  aerated  lagoons. 

It  may  be  mentioned  that  Plan  12  represents  the  most  signi- 
ficant departure  from  current  wastewater  treatment  practices  in 
tne  Basin,  at  least  in  terms  of  innovation  visible  to  the  public. 

Suen  extensive  change  may  make  it  more  difficult  in  obtaining 
public  acceptance, 

g • Flexibility 

The  flexibility  sections  in  Plan  2 arc  generally  applicable  to 
tills  land  plan.  To  the  extent  that  purciiase  or  use  of  land  is 
essential  in  advance,  and  for  the  basin  the  large  amounts  of  land 


would  be  critical,  ttie  plan  is  not  as  flexible  as  other  land  plans. 

h . Stormwater  Management 

The  effectiveness  of  stormwater  treatment  in  Plan  12  will  depend 
on  the  effectiveness  of  the  management  techniques  suggested. 

i • Hydrologic  Effects 

The  hydrologic  effects  noted  in  other  all  land  plans  (2  and  4) 
to  which  reference  is  made,  are  mitigated  by  the  reduction  in  inter- 
basin transfer  indicated  by  in-basin  treatment  of  the  Akron  area. 

The  use  of  major  additional  areas  of  the  Rocky  and  Cuyahoga  Basins 
for  land  application  will  eliminate  the  low  flow  problems  caused 
by  other  all  land  plans.  Reference  is  made  to  Plan  2 for  western 
hydrologic  effects. 

j • Residuals 

The  residuals  in  Plan  12  include  about  100,000  tons  of  sedi- 
mentation in  stormwater  detention  annually  and  the  sludge  to  be 
dredged  hydraulically  from  the  facultative  sections  of  the  aerated 
lagoons . 

k . Uisposal  Methods 

Both  effluent  and  sludge  residuals  will  be  applied  to  agricultural 
lands  out  of  basin  and  grasslands  in  the  mini-border  technique  in  tiie 
basin . 


1 


370 


D.  Summar 
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In  review  of  the  preceding  twelve  plan  evaluation  it  should  be 
immediately  obvious  that  there  is  no  one  "best"  solution  among  those 
presented.  Rather,  each  plan  has  deficiencies  or  problem  areas,  as 
well  as  constructive  and  positive  contributions  to  the  wastewater 
management  of  the  basin.  The  processes  and  components  have  been 
subjected  to  critical  analysis,  with  the  recognition  that  these  can 
be  tested  and  improved  as  necessary  to  achieve  a goal  and  a reliability 
before  final  design  phases. 

Our  principal  concerns  are  for  the  assured  protection  of  the 
population  and  the  environment  from  the  effects  of  waste  accumulation 
and  its  treatment  technology,  for  conservation  of  resources  in  both 
the  waste  and  the  process,  and  for  the  most  advantageous  recycling 
and  reuse  of  nutrients  within  the  accessible  ecosystem.  Flexibility 
is  to  be  cherished,  along  with  the  consideration  that  there  are  few 
mandated  and  unamendable  requirements  within  the  water  resources 
spectrum.  Managerial  options  in  wastewater,  stormwater  and  indus- 
trial practices  are  available,  and  need  to  be  related  to  construction 
options  and  multi-purpose  potential. 

There  are  a number  of  assumptions  and  characteristics  that  are 
common  to  all  plans.  Each  plan  reflects  the  assumption  that  a 
projected  91.6"d  increase  in  municipal/industrial  wastewater  treat- 
ment by  the  year  2020,  including  a 20%  increase  projected  by  1980, 
is  an  appropriate  design  base.  While  industrial  wastewater  pro- 
jections anticipate  some  recycling  of  water  due  to  cost  and  process 
factors,  domestic  sewage  projections  anticipate  not  only  a 75%  increase 
in  population  but  a 3b. 4%  increase  in  per  capita  wastewater  flow  by 
the  year  2020.  The  individual  plans  do  not  incorporate  water  saving  or 
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waste  reduction  techniques  in  their  strategies,  except  in  stormwater 
control,  hach  alternative,  therefore,  is  equally  susceptible  to  error 
in  the  design  base.  Reference  is  made  to  Attachment  C,  Analysis  of 
Wastewater  Projections  for  the  Cleveland-Akron  Metropolitan  Area,  for 
a review  of  the  validity  of  this  assumption. 

It  is  assumed  that  all  plans  can  achieve  the  technological  goal 
or  treatment  level  for  which  designed,  though  with  varying  degrees 
of  reliability.  It  must  necessarily  be  assumed  that  each  system  will 
be  operated  and  maintained  by  appropriately  skilled  personnel  who  are 
adequately  supported,  both  administratively  and  fiscally,  since 
this  ideal  is  not  characteristically  achieved. 

Each  alternative  is  expected  to  improve  the  water  quality  of  the 
Three  Rivers  Basin  and,  depending  on  the  management  techniques  pur- 
sued, the  water  quality  of  the  extra-basin  areas  concerned.  The 
improvement  will  of  course  vary  with  the  water  quality  goal  and  level 
of  treatment  incorporated.  All  plans  will  contribute  selectively  to 
environmental  improvement,  sometimes  at  the  expense  of  other  locations 
by  the  destruction  and  re-establishment  of  an  indigenous  ecosystem. 

Each  alternative  will  affect  the  environment  by  the  expenditure  of 
energy  and  external  resources  far  beyond  any  current  requirement. 

All  plans  collect  and  treat  stormwater  runoff  with  the  added  effects  of 
dampening  floods,  the  trapping  of  sediment  and  the  reduction  of 
erosion.  The  benefit  to  the  natural  ecology  may  be  somewhat  offset 
due  to  the  variable  discharge  patterns  which  change  the  hydro- 
logic  regime.  Opportunities  for  localized  non-potable  uses  of  treated 
stormwater  and  the  use  of  the  recreational  and  aesthetic  potential  of 
stormwater  collection  basins,  arc  either  undeveloped  or  totally  neglected 
in  all  plans. 
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All  of  the  alternative  formulations  are  designed  to  manage  the 
entire  river  basin,  using  varying  degrees  of  regionalization  and 
consolidation  of  plants.  All  will  be  forced  to  deal  with  questions 
of  political  feasibility,  ranging  from  the  establishment  of  new  admin- 
istrative structures  to  cope  with  basin-wide  coordination  to  even 
greater  problems  of  sub-state  area  management.  All  plans  will  have 
extended  public  impact,  whether  from  the  disruption  caused  by 
construction,  the  dislocation  of  people  from  the  land  or  the  long 
term  taxation  incurred.  The  public  impact  will  vary  from  one  plan 
to  the  next. 

Finally,  it  may  be  indicated,  all  plans  incorporate  a potential 
for  reuse  of  the  wastewater  resources  and  for  various  multi-purpose 
synergisms.  While  many  of  these  are  developed  in  the  several  plans, 
too  many  others  remain  latent.  Perhaps  the  most  unfortunate  failure 
to  adhere  to  the  multi-purpose  philosophy  has  been  in  the  single 
minded  pursuit  of  economic  efficiency  in  certain  aspects  of  the  land 
treatment  of  sewage.  Notably  these  are  in  certain  high  rate  applications 
and  in  the  establishment  of  a sewage  treatment  enclave  in  North 
Central  Ohio,  both  of  which  effectively  bar  the  public  from  the  use 
and  enjoyment  of  vast  areas  of  Ohio  countryside. 

At  the  beginning  of  this  evaluation  section  (page  285)  eleven 
categories,  comprehending  the  multiple  impacts  assessed,  were  defined. 
These  categories  included  Ecological  Considerations,  Resource 
Demands,  Reliability,  Land  Use  Changes,  Public/Political  Percep,tions , 
Economic  Considerations,  Flexibility,  Stormwater  Management,  Hydrologic 
Effects,  Residuals  and  Disposal  Methods.  For  purposes  of  this 
Summary,  two  other  categories  are  added.  These  are  Regionalization 
which  will  relate  specifically  to  the  degree  of  consolidation  and 
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the  compatibility  of  consolidation  with  other  aspects  of  analysis 
sucii  as  stream  flow  or  treatment  reliability.  The  other  category 
added  will  be  Design  features,  wliich  will  relate  to  significant 
departures  from  the  categorical  design  aspects.  Finally,  where 
indicated,  a Special,  non-specific  category  is  provided,  where  a 
particular  characteristic  of  overriding  importance  may  be  designated. 

As  indicated  elsewhere  in  this  report,  the  evaluators  have 
generally  elected  not  to  quantify  the  positive  and  negative  factors 
in  the  evaluation  but  merely  to  identify  them  and  indicate  their 
relative  significance.  This  is  the  procedure  followed  in  this 
summary.  The  characteristics  of  each  plan  are  assessed  on  a comparative 
basis  in  each  category.  The  significance  of  each  category  is  desig- 
nated in  relationship  to  the  similar  characteristics  in  each  of  the 
other  eleven  plans. 

Since  there  are  degrees  of  difference  in  the  allocation  of 
significance  (one  plan  may  combine  offsetting  good  and  bad  features 
within  the  same  category),  six  levels  of  significance  have  been 
designated:  Very  Positive,  Positive,  Partially  Positive,  Neutral, 

Negative  and  Very  Negative.  While  the  argument  might  be  advanced 
that  an  additional  degree  of  negative  might  be  used,  the  significance 
lies  in  the  uniformity  of  rating,  whatever  tlie  designation.  In  the 
plan  summaries,  positive  and  negative  assessments  will  be  followed 
by  a phrase  or  sentence  to  identify  the  impact  of  concern,  which  may 
then  be  reviewed  furtiier  in  the  plan  evaluation.  Neutral  impacts 
are  not  identified  since  they  are  judged  not  to  be  significantly 
different  from  all  other  plans. 


Summary:  Plan  1 - Level  One,  Water  Oriented 


V'^ery  Positive 


Resource  Demand:  Lowest  electrical  power  and  modest  chemical 

requirements . 

Positive 

Regionalization:  Regionalized  wastewater  treatment  combined  with 

localized  stormwater  treatment. 

Land  Use  Changes:  Least  land  use,  esthetic  potential  in  local 

stormwater  detention  ponds. 

Public/Political  Perception:  Previous  planning  in  NEOWDP  has 

provided  an  entree.  Limited  disruption  and  limited 
institutional  change. 

Stormwater  Treatment:  Trouble  free  - highly  localized 

Partially  Positive 

Design  Features:  Most  localized  stormwater  treatment. 

Reliability:  Hazards  of  conventional  process,  limited  control 

of  viruses,  metals,  etc. 

Flexibility:  Conventional  process  may  be  converted  to  land  or 

tertiary  add-on.  Limited  by  N.W.  Interceptor. 

Negative 


Ecological  Considerations:  No  recycling,  limited  improvement. 

Residuals:  Include  air  pollutants,  chemical  sludges. 

Special:  North  West  Interceptor  will  significantly  reduce  flows 

in  the  Rocky  River,  impacting  esthetics  and  recreation. 
Flexibility  of  plan  will  be  affected. 

Very  Negative 

Disposal  Methods:  1001  incineration  of  sludges. 
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Summarv : 


Plan  2,  Level  One,  Land  Oriented 


Very  Positive 


Disposal  Methods;  All  residuals  are  recycled. 

Special:  Introduction  of  strip  mine  reclamation,  recovery  of 

agricultural  recreational  potential. 

Positive 

Design  Features:  Application  rate  related  to  crops,  storage  reservoirs 

for  control  of  return  flow;  sludge  disposal  to  strip  mine  area. 

Ecological  Considerations;  Promotes  recycling,  land  rehabilitation, 
moderate  improvement  to  aquatic  conditions,  associated  land. 

Stormwater  Managment:  Local  collection,  treatment  and  discharge. 

Relatively  trouble  free  treatment.  Local  reuse  potential 
for  non-potable  uses. 

Residuals:  Secondary  residuals,  both  sludges  and  effluent  reuseable. 

Partially  Positive 

Regionalization:  Local  stormwater  treatment  reduces  effect  of  high 

interception  and  interbasin  transfer  of  wastewater. 

Reliability:  Known  hazards  of  secondary  treatment;  limited  by 

single  transmission  tunnel.  Failure  limited  by  dispersed 
secondary  treatment. 

Flexibility:  Secondary  treatment  can  go  in  either  direction,  in- 

basin land  treatment  adaptable.  Effluent  tunnel  is  a 
commitment  to  land. 


Negative 

Land  Use  Changes; 


treatment 


Major  ag 
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single  wastewater 


major  institutional 
changes  to  include  out-of-basin  areas,  opposition  to  single 
purpose  application,  transfer  of  urban  problem. 


Hydrology:  Major  flow  reductions  in  middle  basins,  lower  Cuyahoga, 

relieved  by  local  stormwater  treatment.  Lower  water  table, 
increased  flow  in  north  central  irrigation  area. 
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Summary : 


Plan  5,  Level  Two,  Water  Oriented 


Positive 


Regionalization:  Plant  location  includes  regionalized  stormwater 

treatment  located  to  maintain  stream  flow  with  treated 
effluent;  flow  maintenance  in  Rocky  River. 

Land  Use  Changes:  Minimal  land  requirements,  water  associated 

land  improvement,  little  disruption. 


Partially  Positive 


Ecological  Considerations:  Aquatic  improvement  based  on  Level  Two, 

but  failure  to  recycle  products  adds  to  only  a moderate 
improvement . 


Resource  Demand:  Moderate  overall  requirement,  low  energy, 

high  chemical  input. 


Public/Political  Perception:  Limited  land  requirement  will  not 

stimulate  opposition  but  revision  in  regionalization  will 
require  basin-wide  coordination;  cost  factors  in  going 
to  Level  Two. 


Residuals:  Amount  of  inorganic  treatment  will  produce  increased 

inorganic  sludges,  however,  they  are  generally  recyclable. 

Negative 

Disposal  Methods:  Incineration  accounts  for  601  of  disposal  leaving 

limited  strip  mine  and  agricultural  application. 

Special:  Stormwater  flows  to  the  sanitary  treatment  system  are 

large  enough  to  require  incremental  capacity. 
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Ver\’  Positive 


"1 


11  4,  Level  Two,  Land  Oriented 


Disposal  Methods:  All  residuals  are  recycled,  | 

Special:  Use  of  sludges  for  strip  mine  rehabilitation,  development  of  ! 

agricultural  and  recreational  potential. 

I 

Positive  1 

Regionalization:  Increased  regionalization  of  stormwater  treatment.  j 

Ecological  Considerations:  Promotes  recycling,  land  rehabilitation, 

major  improvement  to  aquatic  conditions,  associated  land. 

Residuals:  Secondary  residuals,  are  completely  reusable. 

Partially  Positive 

Flexibility:  Secondary  treatment  and  in-basin  land  treatment 

adaptable  to  change;  downgraded  by  effluent  tunnel. 

Stormwater  Management:  Treatment  to  Level  Two  involves  regionalization, 

less  dispersed  discharge  pattern. 

Negative  i 

Public/Political  Perceptions:  Requirements  for  major  institutional 

change,  opposition  to  single  purpose  land  area,  loss  of  tax 
duplicate,  cost  of  Level  Two  plan,  lower  flows  in  river  i 

versus  improved  water  quality,  esthetics,  recreational  i 

opportunity.  ^ 

Very  Negative 

Land  Use  (Nianges:  Major  requirements  for  agricultural  land  mitigated 

by  strip  mine  reclamation,  water  related  land  improvement, 
major  advantages  lost  in  single  wastewater  treatment  enclave; 
possible  aerated  lagoon  requiring  major  land-water  conversion. 

Hydrology:  Major  flow  reduction  in  middle  basins,  lower  Cuyahoga, 

most  of  stormwater  transported  out- of -bas in . Lowered  water 
table  and  major  flow  increase  in  North  Central  streams. 


1 

i 
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Summarv : 


Plan  5,  Level  One,  Combination,  Water  Oriented 


Very  Positive 

Flexibility:  At  Level  One  with  a minor,  in-basin  land  component; 

both  the  investment  and  physical  structure  offer  high 
potential  for  change. 

Pos i ti ve 

Resource  Demand:  Moderate  energy  demand  and  minimal  chemical 

requirement. 

Land  Use  Changes:  Limited  in-basin  land  treatment  requires  little 

dislocation,  provides  open  space,  strip  mine  rehabilitation 
will  assist  agriculture , recreation . 

Public/Political  Perceptions:  Institutional  changes  required, 

but  positive  factors  tend  to  balance  negative  in  this 
plan,  avoidance  of  out-of-basin  problems. 

Stormwater  Management:  Local  collection,  treatment  and  discharge, 

relatively  trouble  free  treatment,  sedimentation,  erosion 
control,  local  non-potable  reuse  potential. 

Hydrology:  Regional  sanitary  plants  and  localized  stormwater 

discharge.  Some  augmentation  from  water  storage,  flood 
dampening . 

Residuals:  Some  chemical  sludges  but  generally  recyclable. 

Partially  Positive 

Regionalization:  Regionalization  of  wastewater  and  localization  of 

stormwater  treatment. 

Design  Features:  Introduction  of  upper,  middle  and  lower  basin 

design  combinations. 

Reliability:  Hazards  of  conventional  treatment  apply,  virus 

control,  overflow  problems. 


Disposal  Methods:  While  incineration  is  still  used,  more  than 

of  sludges  are  recycled  in  strip  mine  rehabilitation, 
agricultural  disposal. 
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Summary:  Plan  6,  Level  One,  Combination,  Land  Oriented 

Positive 

Design  Features:  Combines  in-basin  land  treatment,  middle  basin 

water  discharge  and  shoreline  secondary  plants  trans- 
ferring with  limited  hydrologic  effect.  Primary  capacity 
provided  for  overflows. 

Ecological  Considerations:  Within  the  limitations  imposed  by 

Level  One  treatment  there  is  aquatic  and  land  improvement, 
recycling . 

Resource  Demands:  Low  chemical  demand  and  moderate  energy  required, 

Stormwater  Treatment:  Localized  treatment,  local  discharge, 

generally  trouble  free  and  numerous  local  options  for  use 
of  non-potable  water. 

Partially  Positive 

Regionali zation:  Sub-regional  configuration  for  discharge,  local 

stormwater  treatment. 

Reliability:  Will  combine  deficiencies  and  values  of  land/water, 

hazards  of  conventional  process,  overflow  control. 

Flexibility:  As  a Level  One  plan,  considerable  option  is  retained 

until  effluent  tunnel  built. 


Hydrology:  Flow  maintained  in  lower  Cuyahoga  basin  and  creation  of 

only  half  flow  problems  in  North  Central  streams. 

Residuals:  Generally  useful  but  with  added  chemical  sludges  in 

middle  basin  plants.  Concept  of  crops  as  residuals  for 
management . 
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Summary : 


Plan  7,  Level  Two,  Combination,  Water  Oriented 


Pos  itiv'e 


Land  Use  Changes:  Land  treatment  limited  to  in-basin  requires 

little  dislocation,  provides  open  space.  Strip  mine 
reclamation  provides  agricultural  and  recreational  potential. 

Partially  Positive 

Regionalization:  Emphasis  on  smaller,  localized  plants  in  upper 

basins,  additional  separate  stormwater  treatment  plants. 

Design  Factors:  Upper  basins  generally  treated  as  unit  potential, 

reuse  of  current  plant  capacity,  limited  reuse  potential. 

Ecological  Considerations:  Reflects  Level  Two  stream  improvement, 

with  associated  land,  recreational  potential,  otherwise 
ecological  effect  is  minimal. 

Resource  Demands:  Minimal  energy  requirements  coupled  with  high 

chemical  requirements  results  in  moderate  overall  demand. 

Public/Political  Perceptions:  Institutional  charges  required  for 

basin-wide  coordination.  Level  Two  cost  factors;  but 
plant  reuse,  avoidance  of  out-of-basin  problems,  provision 
of  open  space  and  flow  augmentation  gave  this  moderate 
appeal . 

Hydrology:  Despite  regionalization  of  stormwater  treatment, 

greater  use  of  separate  stormwater  plants  and  upper  basin 
storage  mitigate  effects  on  stream  flow. 


Residuals:  Major  use  of  chemicals  will  increase 

of  sludges,  however,  they  are  generally 
for  acid  neutralization. 


inorganic  content 
reusable,  particular 


Iv 
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Summa  rv : 


Plan  8,  Level  Two,  Combination,  Land  Oriented 


Fos i t i VC 

Design  Features:  Combines  in-basin  land  treatment,  middle  basin 

tertiary  treatment  with  flow  maintenance  and  secondary 
shoreline  plants  transmitting  treated  effluent,  no  high 
rate  applications. 

Ecological  Considerations:  As  a Level  Two,  land  oriented  plan, 

this  system  presents  the  best  combination  plan  aspect 
in  ecological  encouragement,  both  aquatic  and  land, 
extensive  recycling. 

Partially  Positive 

Regionalization:  Highest  land  treatment  in  combination  plan, 

dispersed  stormwater  treatment  and  discharge. 

Reliability:  Increased  options  for  control,  moderate  application 

rates  in  most  areas,  with  exception  of  Rocky  River,  dispersed 
secondary  treatment  land  failure,  single  transmission 
tunne 1 . 

Flexibility:  Secondary  treatment  and  high  land  treatment  in-basin 

affords  high  change  potential,  limited  when  construction 
of  effluent  tunnel  is  begun. 

'■  Hydrology:  Flow  maintenance  and  augmentation  from  water  storage 

are  provided  by  extensive  land  treatment  areas  and  tertiarv 
■ plants  in  middle  basins,  less  severe  effects  on  North  Central 

streams  than  full  land  plan. 

Residuals:  Chemical  sludges  limited,  and  secondary  sludges,  waste- 

water  recycled,  some  reuse  from  tertiary  plants. 

Disposal  Methods:  Maior  use  in  strip  mine  reclamation,  some  use  in 

I agricultural  application  along  with  effluent.  Downgraded 

I by  35°6  incineration. 

1 


I 
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Summary:  Plan  9,  Level  Two,  Combination,  Land  Oriented 


Partially  Positive 

Ecological  Considerations:  Limited  improvement  based  on  Level  Two 

ef  fluent . 

Negative 

Design  Features;  Combines  worst  features  of  both  methods,  in-basin 
primary  treatment,  aerated  lagoons. 

Resource  Demands:  Uses  more  of  everything  than  other  combination 

plans  . 

Public/Political  Perceptions:  In  addition  to  interbasin  transfer 

problems,  must  be  downgraded  on  raw  sewage  transmission 
and  greatly  reduced  stream  flow. 

Flexibility:  Limited  after  tertiary  plants  and  major  pipelines 

are  constructed. 

Hydrology:  May  dry  up  some  small  streams. 

Disposal  Methods:  58%  incineration,  agricultural  disposal  question- 

able . 


V'ery  Negative 

Regionalization:  Consolidation  of  sewage  and  stormwater  treatment 

far  too  great. 


Reliability:  Poor,  based  on  pipeline  failure,  corrosion,  limited 

options  in  plant  failure  which  would  be  massive. 

Land  Use  Changes:  Introduction  of  aerated  lagoons,  land  conversion 

to  water,  shift  in  land  use  quality,  multiple  transmission 
lines  . 


Special:  Transmission 

but  eliminates 


of  raw  sewage  not 
all  reuse  options 


only  consitutes 
in-basin. 


a hazard 
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Summary:  Plan  U),  Level  i'wo , Advanced  Biological 


Very  Positive 

Disposal  Methods:  Sludges  disposed  95-6  to  strip  mine  area,  S% 

agricultural . 


Positive 


Regionalization:  Both  sanitary  sewage  and  stormwater  treated  to- 

gether, but  with  some  localized  return. 

Ecological:  Based  on  Level  2,  complete  recycled  sludges. 

Land  Use  Changes:  Limited  land  use  requirement,  water  associated 

land  improvement. 

Partially  Positive 

Resource  Demands:  Moderate  overall  requirement,  high  chemical,  low 

energy. 

Public/Political  Perceptions:  Limited  land  requirement.  Level  Two 

water  improvement,  also  Level  Two  taxation. 

Residuals:  Increase  in  inorganic  sludges  but  generally  reusable. 

Negat i ve 

Design  F-eatures:  Constraint  of  single  plant  design.  Questionable 

efficiency  of  combined  treatment  of  stormwater.  Not  suited 
to  industrial  discharges. 

Special:  Stormwater  volumes  to  be  treated  in  combined  plants  will 

dictate  plant  size. 


Summary:  Plan  11,  Level  Two,  Advanced  Physical-Chemical 


IP 


Posi ti ve 

Regionalization:  Stormwater  treated  in  sanitary  plants,  effort 

made  to  distribute  return  as  widely  as  possible. 

Partially  Positive 

Land  Use  Changes:  Limited  land  use  requirements,  but  storage  problems 

for  chemicals  and  land  for  landfill  reduce  this  below  Plan  10, 


Negative 

Design  Features:  Constraint  of  single  plant  design. 

Ecological  Considerations:  While  plan  provides  Level  Two  effluent, 

it  uses  the  most  resources  and  provides  the  least  return. 

Residuals:  No  usable  residuals. 

Very  Negative 

Resource  Demand;  Highest  chemical  demand  by  far,  moderate  energy 
requirements . 

Flexibility:  Least  flexible  of  any  plan  in  opportunity  for  change. 

Disposal  Methods:  All  products  incinerated  to  ash  in  regeneration 

process . 

Special:  Stormwater  volumes  will  dictate  plant  size,  no  recycling, 

incineration  of  all  products. 
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Summary : 


Plan  12,  Level  Two,  Land  Oriented 


Positive 

Regionalization;  Is  effective  in-basin 

Residuals;  Secondary  treatment,  entirely  reusable. 

Partially  Positive 

Ecological  Considerations;  Level  Two  water  improvement,  large 
interconversion  of  land  to  water  ecology,  no  land 
rehabili tation. 

Disposal  Methods;  Agricultural  disposal  must  be  downgraded  by  sludge 
application  related  to  mini-border  technique. 

Negative 

Design  Features;  Combination  of  uncertainties,  raw  sewage  trans- 
mission, lagoon  design,  disposal  design. 

Very  Negative 

Reliability;  Poor,  based  on  pipeline  failure,  corrosion,  limited 
options  in  event  of  failure,  size  of  aerated  lagoon 
operation,  high  rate  applications. 

Land  Use  Changes;  Highest  land  use  in-basin,  public  ownership 

required,  high  land/water  interconversion,  public  access 
1 imi ted . 

Public/Political  Perceptions;  Negative  based  on  high  visibility, 
esthetic  defects,  multiple  use  and  public  access  denied, 
dislocation  of  population. 

Special;  Use  of  aerated  lagoon,  mini-border  technique  and  other 
high  rate  application,  single  purpose  sewage  treatment. 


As  a supplement  to  the  summary  pages  of  the  12  plan  evaluation, 
a display  of  ecological  impacts  is  attached,  indicating  in  more 
specific  detail,  the  background  used  to  arrive  at  the  rating  for 
Ecological  Considerations  in  each  plan.  The  criteria  in  the  chart, 
and  the  value  system  applied,  are  fully  explained,  beginning  on  page 
230.  Essentially,  a positive,  negative  and  intermediate  rating  is 
applied,  compounded  by  the  importance  attached  to  a particular 
criteria  based  on  an  ecological  approach  alone.  There  may  be  some 
disagreement  with  the  weighting  applied  in  the  following  chart, 
since  this  is  a personal  and  professional  value  judgement.  However, 
since  the  bases  for  the  judgement  is  fully  displayed  in  the 
explanatory  material,  it  will  serve  as  a useful  adjunct  to  the 
general  summary. 

Also  supplemental  to  this  summary  and  providing  significant  input 
to  the  evaluation,  are  eleven  attachments  at  the  end  of  this  report, 
discussing  economic,  social,  physical  and  technological  concerns 
that  apply  in  varying  degree  to  each  of  the  plans  discussed. 
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VIII.  EVALUATION  OF  PHASED 


COSTED  SYSTE.^IS  (THREE  PLANS) 


A.  INTRODUCTION 

The  concept  of  a multiple  means  approach  in  the  planning  of 
multipurpose  projects  has  been  acknowledged  for  a number  of  years. 
A 1966  publication  of  tbe  National  Academy  of  Sciences  entitled 
Alternatives  on  Water  Management  summarized  the  concept  in  these 
words : 

"A  review  of  current  efforts  to  manage  water  to 
serve  the  needs  and  desires  of  man  reveals  that  all 
aspects  of  water  management  would  be  improved  by 
planning  that  would  maintain  flexibility  for  the 
future,  foreclose  as  few  choices  as  practicable,  and 
put  fresh  demands  on  science  to  predict  consequences 
and  to  provide  alternatives  to  meet  changing  needs. 
Specifically,  such  an  emphasis  would  call  for  applying 
more  intensively  present  knowledge  of  the  behavior 
of  water,  land,  and  man  in  two  ways:  first,  by 

identifying  all  available  alternatives  for  coping 
with  water  problems  and  taking  systematic  steps  to 
discover  new  alternatives;  and  second,  by  improving 
methods  of  recognizing  the  social  as  well  as  the 
physical  consequences  of  water  management  and  of 
weighing  alternatives." 

Where  efforts  to  curb  water  pollution  are  cited,  alternatives 
are  indicated  in  goal  establishment,  engineering  measures,  other 
management  measures,  new  institutional  arrangements,  timing,  size 
and  locations.  The  idea  that  the  same  goal  may  be  sought  by  both 
management  and  engineering  means  is  basic,  and  the  exploration  of 
management  alternatives  in  water  resource  management  should  have 
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reduce  consumption  or  provide  for  reuse.  Irrigation  projects  were 
designed  to  provide  more  food,  among  other  purposes,  with  no  con- 
sideration of  food  demand  or  of  alternative  means  of  enhancing 
food  production,  such  as  supplemental  irrigation  in  water  surplus 
areas,  drainage  or  improved  seeds.  Similarly,  waste  disposal  has 
followed  the  traditional  approach  of  examining  ways  of  diluting  the 
waste  in  a natural  stream,  with  relatively  little  attention  to  ways 
of  reducing  the  waste  itself  before  it  readied  the  stream,  or  to 
means  of  improving  stream  quality  other  than  by  dilution. 

One  of  the  most  consistent  features  of  water  resources  planning 
in  the  United  States  has  been  the  projection  of  demand  based  on 
historical  use,  population  and  land  use  projections,  and  potential 
industrial  growth.  The  pitfalls  of  demographic  projection,  with 
reference  to  this  project,  are  explored  in  Attachment  ('  - Analysis 
of  Wastewater  Projections.  The  significance  of  this  analysis  relates 
not  only  to  system  sizing  and  a variety  of  related  impacts,  but  also  the 
concern  that  other  management  alternatives  hav^e  not  been  explored  to  a 
significant  degree.  Mention  has  been  made  of  non-structural  devices 
designed  to  reduce  stormwater  pollution;  flow  ecpial i zat ion  has  been 
included  to  limit  necessary  plant  size;  but  specific  consideration 
is  lacking  for  measures  which  may  reduce  tl\e  wastewater  loads.  What, 
for  instance,  is  the  potential  for  refining  sewers  to  reduce  or 
eliminate  infiltration  tliat  now  constitutes  such  a sizc.able  percentage 
of  the  treatment  load.  What  is  the  potential  for  curbing  leakage 
and  water  waste  in  both  industrial  and  domestic  usage.  What 
opportunities  exist  in  pricing  and  technology  for  reducing  consumption 
and  promoting  reuse?  The  examination  of  the  range  of  ways  in  wliicli 
water  use  (anil  wastewater  volumes)  might  be  changed  while  population 
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and  manufacturing  actively  increase, might  be  productive  of  more 
conservation  than  in  water  alone. 

The  basic  weakness  of  water  use  and  wasteload  forecasting  is 
not  that  it  incorporates  a series  of  uncertainties  to  form  a 
tenuous  foundation  for  major  development,  but  that  it  fosters  an 
approach  to  management  that  draws  attention  away  from  other  variables 
in  the  situation.  Since,  however,  the  projection  is  common  to  all 
plans,  this  sensitivity  will  not  interfere  with  the  evaluation  of 
the  three  final  plans. 

The  evaluation  of  the  remaining  alternatives  follows  the  pattern 
used  to  evaluate  the  twelve  alternatives.  Reference  is  made  to  items 
of  general  consideration  examined  in  that  section.  The  eleven 
evaluation  categories,  condensed  from  the  range  of  parameters 
considered  under  Methodology,  are  re-examined  in  detail  appropriate 
to  the  final  nature  of  the  three  plans.  In  addition,  each  plan  is 
considered  in  relation  to  their  projected  contribution  to  both  re- 
gional and  national  objectives  and  their  component  aspects  of 
environmental  quality,  social  well  being  and  economic  improvement. 

As  with  the  preceding  evaluations,  the  potential  effects  of 
the  proposed  technology  and  development  are  indicated,  based  on 
the  conditions  of  the  area,  and  tempered  by  appropriate  concern  for 
the  uncertainties  on  any  project  with  an  extended  time  horizon. 

The  various  preferences,  based  on  the  evaluations,  are  related  in 
the  concluding  section. 


1 . HcologLcal  Considerations 

The  impacts  of  Plan  A Levels  One  and  Two,  and  Plans  B and  C are 
discussed  in  terms  of  the  effects  on  ecosystem  energetics,  structural 
components  of  biological  communities  in  the  several  ecosystems,  nutrient 
cycling,  life  histories  of  component  organisms,  selection  pressure 
against  potential  species  and  overall  homeostatic  control  mechanisms 
for  the  major  ecosystem  affected  by  each  of  the  wastewater  manage- 
ment plans.  These  categories  are  defined  in  the  section  on  Parameter 
Development  beginning  on  page  28  and  discussed  under  Ecological 
Analysis  beginning  on  page  429. 

2 . Resource  Demands 

This  section  considers  the  consumption  of  power,  fuel  and 
chemical  resources  in  the  several  treatment  processes,  the  secondary 
environmental  effects  in  their  production  and  use,  the  conservation 
or  loss  of  the  resource  characteristics  of  wastewater  and  the 
interrelationship  of  these  factors  to  the  larger  environment  as 
previously  outlined. 

5 . Reliability 

Reliability  factors  include  the  effectiveness  of  the  various 
system  components  from  collection  to  disposal,  stress  points  or 
other  inadequacies,  their  susceptibility  to  failure  for  any  reason. 
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and  the  potential  for  creation  of  nuisances  or  hazards  in  case  of 
accident . 

4 . Land  Use  Changes 

This  section  comprehends  the  requirements  for  land  in  tlie 
development,  construction  and  operation  of  the  treatment  system, 
the  related  potential  for  open  space,  recreational  or  agricultural 
benefits  and  the  negative  consequences  of  conversion  to  water 
uses,  esthetic  degradations,  or  prevention  of  access. 

5 . Public/Political  Perceptions 

This  section  includes  both  social  and  institutional  factors 
expressed  in  the  way  that  people  view  the  effect  of  the  develop- 
ment or  change  required  by  a particular  plan  or  system,  and  assesses 
the  probable  reaction  to  innovation  and  philosophical  change. 

6 . Economic  Considerations 

The  economic  aspects  of  the  three  plans  are  reviewed  in  the 
Economic  Analysis  of  Plans  beginning  on  page  413. 


7 . Flexibility 

This  section  addresses  the  ability  of  the  final  plans  to  he 
adaptable  to  change  in  either  phasing  or  structure,  to  respond 
without  major  penalties  to  change  induced  by  policy,  price  or 
technology . 


8.  Stormwater 
This  section 
methods  of  control 


Management 
indicates  the  c f 
, collection  and 


fccts  that  derive  from  the 
treatment  of  stormwater. 
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9 . Hydrologic  Effects 

L,  The  effects  of  a treatment  and  disposal  plans  on  stream  flow, 

erosion,  sedimentation  and  aquatic  habitats  are  discussed  in  this 
section . 

1 U . Residuals 

This  section  discusses  the  characteristics  and  utility  of  the 
pollutants  removed  from  wastewater  and  retained  for  disposal  with 
particular  reference  to  the  variation  imposed  by  the  treatment 
scheme . 

1 1 . Disposal  Methods 

Since  wastewater  treatment  cannot  repeal  the  law  of  conservation 
of  matter,  the  process  results  in  a residual  which  must  be  disposed 
of  in  some  section  of  the  environment.  The  costs  and  requirements 
of  the  several  plans  are  discussed. 

C . Contributions  to  Regional  Objectives 

The  Water  Resources  Planning  Act  of  1965  directed  the  Water 
Resources  Council  to  establish  principles  and  standards  to  guide 
Federal  participation  in  planning  the  use  of  the  nation's  water 
and  related  land  resources  and  for  evaluating  water  resources 
projects  and  programs.  The  proposals  have  been  under  study  since 
late  1968  and  have  not  yet  been  finally  established,  but  the  general 
thrust  has  been  toward  a multi-objective  approach  to  water  and  land 
resources  planning.  Planning  would  be  directed  to  improvement  in 
the  quality  of  life  through  contributions  to  National  economic 
Development,  Regional  Development,  environmental  Quality  and 
Social  Well  Being. 
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Testimony  on  the  proposals  generally  indicated  that  the  multi-  ;j 

objective  approach  was  highly  favored  in  natural  resources  planning. 

i 

The  newer  objectives  are  able  to  relate  far  more  readily  to  the 

i 

changing  objectives  of  society  and  give  room  for  expression  of  i 

emergent  concern,  particularly  for  the  functioning  ecosystems  of 

I 

the  resource  base  which  constitute  the  life  support  systems  for  j 

all  living  matter.  | 

This  section  and  the  one  that  follows,  express  the  concern  for  j 

these  larger  objectives.  In  this  report  soc ia 1 , cconom ic  and  environ-  j 

mental  considerations  are  viewed  within  tlie  context  ol  regional  j 

objectives.  For  purposes  of  example,  selected  indicators  are 
listed  by  category,  without  implying  that  any  plan  is  responsive 
in  these  regards. 

1.  Fnvi ronmenta 1 Quality 
Acres  of  grcenbelt  developed  or  preserved 
Miles  of  natural  stream  preserved 
Improvement  of  water  quality 
Restoration  of  fish  or  wildlife  habitat 
Prevention  of  erosion 

Conservation  or  improvement  of  scenery 

2 . Social  Well  Beiiu; 

Flood  protection  - security  of  life 
Water  quality  protection  - health  maintenance 
Provision  of  recreational  opportunity 
Dislocation  caused  by  development 
Improvement  of  community  stability 
Opportunity  for  new  employment 
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3.  l-.conoinic  Objectives 

Improved  regional  economic  base 
I’revention  of  flood  control  loss 
Maximizing  regional  employment  and  income 
Irrigation  benefit  to  agriculture 
bnlianced  property  value  on  water 
Improved  income  distribution  within  the  region 
liacli  of  tlie  indicators  obviously  may  have  positive  or  negative 
aspects  dej)ending  on  the  cliaracteristics  of  the  alternative. 

I'.  Contributions  to  National  Objectives 

The  national  objectives  account  is  interrelated  to  regional 
objectives  since  the  enhancement  of  the  region  will  also  enhance 
the  nation  unless  it  is  at  tlie  exiKuise  of  otlier  regions.  for 
instance,  within  tlie  scene  of  selective  national  food  siiortages, 
tlie  regional  lienefits  derived  from  irrigation  extend  tiie  national 
food  supply.  Other  national  benefits  might  include: 

Water  quality  improvement  related  to  increased  productivity 
Water  supply  henefits  for  developmei.t 
Use  of  unemployed  resources 

Pollution  control  benefit  to  downstream  regions 
Increased  employment  due  to  resource  management 
essentially  tills  account  could  include  any  increase  in  national 
income,  resulting  from  management  of  water  resources  to  achieve  a range 
of  domestic,  municiiial,  industrial  and  agricultural  purposes.  Its 
values  range  from  land  stabilization  and  watershed  protection 
through  navigation,  power  production,  and  flood  control  pui'iioses 
to  enhancement  of  broad  recreational  oiqio  r t un  i t i es  . 
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1‘- . (General  Considerations 

While  a categorical  evaluation  is  used  for  each  plan,  certain 
aspects  were  more  appropriately  analyzed  as  a unit.  The  following 
sections  are  the  economic  analysis  and  the  ecological  analysis  of 
the  final  plans. 

In  addition  to  these  specific  plan  references,  the  attachments 
to  tills  report  provide  a signficant  input  to  plan  evaluation. 
Economic. concerns  arc  addressed  in  Attachment  D - The  Impact  of 
I'cderal  Financing,  Attachment  H - Fiscal  Capacity  of  the  Region, 
Attachment  F - Impact  of  Land  Treatment  on  Tax  Revenues,  and 
Attachment  C - Fnergy  and  Chemical  Requirements. 

Socio-economic  aspects  arc  considered  in  Attachment  I - Dis- 
tributive liquity,  institutional  flexibility  in  Attachment  11  - 
Political  Acceptance  of  Innovation,  Regional  Characteristics  for 
out-of-basin  areas  arc  detailed  in  Attachments  A and  B.  Various 
technological  aspects  and  uncertainties  in  wastewater  management 
are  examined  in  \ttachment  d - Aerated  Lagoons,  as  well  as 
Attachments  B and  0. 

Finally,  the  adequacy  of  the  planning  base  is  examined  in 
Attachment  C - Analysis  of  Wastewater  Projections,  and  Attach- 
ment K - An  Out-of-Basin  Alternative,  not  previously  considered 
in  this  report . 


1 . liconomic  Analysis  of  Plans 

(. a ) I'inancial  Considerations  RelatiriH  to  Plans  A,  B,  and  C 

IVlien  viewed  in  light  of  the  uncertainties  involved  in  projecting 
wasteloads  and  costs  over  a 50  year  period,  the  total  cost  differences 
exhibited  by  plans  A,  B and  C in  table  43  are  quite  small.  The  most 
expensive  alternative,  plan  A,  exceeds  the  cost  of  the  least  expen- 
sive alternative,  plan  C by  7 to  11  percent  depending  upon  the  dis- 
count rate  used  to  arrive  at  present  worth.  Differentials  of  this 
magnitude  are  simply  no*  large  enough  to  provide  a firm  basis  for  a 
choice  among  alternatives.  Furthermore,  it  appears  that  by  dis- 
counting costs  to  1972,  very  valuable  flexibility  inherent  in  plan 
C is  being  ignored. 

The  Formulation  Final  Report  indicates  that  "until  1985,  plan  C 
is  primarily  a W'ater  based  plan,  with  a land  treatment  system  added 
later."  (P.  lV-10)  The  cost  figures  presented  in  table  V-12  indi- 
cate that  construction  of  the  specialized  capital  for  the  land  treat- 
ment system  is  scheduled  for  around  1980.  Thus,  the  ultimate  deci- 
sion relating  to  the  type  of  treatment  system  to  be  used  will  not 
have  to  be  made  for  approximately  7 years.  These  7 years  can  be  very 
profitably  used  to  answer  a number  of  questions  relating  to  land 
treatment  technology  and  to  generate  the  public  support  necessary 
for  the  actual  implementation  of  a land  treatment  system.  In  addition, 
future  changes  in  prices,  <ig,  chemicals  and  power  and  technological 
advances  in  water  based  treatment  methods  can  then  be  incorporated 
into  the  final  derision  making  process. 

liius,  cl.c  decision  to  leave  the  treatment  system  option  open 
for  another  7 years  seems  to  be  a wise  one.  But  having  done  this, 
there  is  no  justification  for  comparing  plans  on  the  basis  of  present 
worth  discounted  to  the  year  1972.  Costs  should  be  discounted  to  the 
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TABLE 

43 

A.  Total  Present  Worth  of  Plans  A,  B and 

C (,000) 

Treatment  Category 

Plan  A 

Plan  B 

Plan  C 

Municipal  - Industrial^ 

1,736,700 

1,644,000 

1,767,200 

5-3.8%  Stormwater^ 

1,252,000 

1,198,900 

924,000 

Total 

2,988,700 

2,843,900 

2,091,200 

Municipal  - Industrial 

1,393,900 

1,321,000 

1,474,300 

7%  Stormwater 

1,059,800 

1,019,400 

776,200 

Total 

2,453,700 

2,340,400 

2,250,500 

Municipal  - Industrial 

1,001,100 

949,700 

1,105.400 

10%  Stormwater 

814,800 

789,500 

586,400 

Total 

1,815,900 

1,739,200 

1,691,800 

B.  Percent 

Advantage 

in  Total  Present 

Worth 

A over  C 

B over  C 

Municipal- Industrial 

(5-3/8%) 

1.8% 

7.5% 

Municipal - Industrial 

(7%) 

5.8% 

11.6% 

Municipal - Industrial 

(10%) 

10.4% 

16.4% 

C over  A 

Stormwater  (5-3/8%) 

35.5% 

Stormwater  (7%) 

36.5% 

Stormwater  (10%) 

38.9% 

C over  A 

Total  (5-3/8%) 

11.1% 

Total  (7%) 

9.0% 

Total  (10%) 

7.3% 

SOURCE: 

Based  upon  data  from  Wright -McLaughl in  Engineers  IJ.S.  Army  Corp 
of  Engineers  Cleveland-Akron  Three  Rivers  Watershed  Wastewater 
Management  Survey  Scope  Study  Formulation  Final  Report  Marcli, 
1973,  Table  V-2. 

^Includes  land  and  contingencies. 
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point  in  time  when  an  unrevocable  decision  relating  to  the  type  of 
treatment  system  must  be  made.  Judging  from  the  detailed  cost 
figures,  in  the  present  case  this  should  be  somewhere  around  1980.^ 

It  is  impossible  to  determine  the  precise  impact  that  discounting 
to  the  year  1980  would  have  on  the  cost  differentials  presented  in 
table  45.  It  is  possible,  however,  to  predict  the  direction  of  change. 
Tiic  lieavy  capital  costs  associated  with  the  land  treatment  system 
are  scheduled  to  begin  around  1980.  The  impact  of  these  costs  is 
reduced  significantly  when  they  are  discounted  back  to  1972.  This 
is,  of  course,  also  true  of  the  1980  capital  costs  incurred  under 
the  water  based  treatment  system.  The  1980  water  based  capital 
costs  ($428,935,000)  are,  however,  much  smaller  than  the  1980  land 
system  capital  costs  ($913,697,000).  Discounting  to  1980  should 
therefore  lower  the  cost  of  plan  A relative  to  the  cost  of  plan  C.^ 

In  terms  of  total  costs,  the  present  worth  of  plans  C and  A would 
move  closer  together.  When  municipal  - industrial  waste  is  considered 
separately,  the  discounting  to  1980  would  increase  the  cost  advant- 
age of  plan  A and  plan  B over  plan  C.  Plan  B might  therefore  exhibit 
a cost  advantage  in  the  treatment  of  municipal  and  industrial  wastes 
alone  which  would  be  large  enough  to  have  a significant  bearing  upon 
the  choice  among  alternatives. 


^Tlie  period  from  the  present  to  1980  should,  perhaps,  be  subject 
to  closer  scrutiny  to  determine  the  probable  cost  of  postponing  the 
ultimate  decision  on  the  type  of  treatment  system  to  the  year  1980. 

It  would  be  helpful  to  know  the  cost  of  converting  from  plan  C to 
plan  A in  1 980  and  vice-versa.  It  is  also  possible  that  a fourtli 
altcrnat’ve  covering  the  period  from  1973  to  1980  could  reduce  the 
expected  conversion  costs. 

“An  offsetting  ciiange  wliich  appeals  mucli  smaller  in  magnitude 
would  occur  in  relation  to  the  lower  0 and  M costs  associated  with 
land  treatment  in  llie  years  following  198.5. 
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The  tablc43  figures  further  illustrate  that  the  major  advantage 
of  the  land  treatment  system  lies  in  its  ability  to  handle  storm- 
water economically.  Stormwater  treatment  costs  are  quite  higli, 
accounting  for  between  30  and  40  percent  of  the  total  public  entity 
costs.  The  relative  importance  of  stormwater  costs  would  be  reduced 
considerably  by  the  addition  of  industrial  pretreatment  costs.  Tlic 
industrial  costs  have  been  omitted  from  table  43  since  they  were  identi- 
cal for  all  three  plans. 

Tables  44  and  45  present  annual  cost  data  for  municipal  - industrial 
and  stormwater  separately  and  for  both  combined.  In  all  3 cases  the 
low  cost  plan  for  the  given  wastewater  component  was  used.^  The  use 
of  3 different  interest  rates  illustrates  the  tremendous  impact  that 
financing  charges  have  on  a project  entailing  the  use  of  long-lived 
capital  equipment.  The  7 percent  rate  will  be  used  in  all  discussions 
since  it  is  closest  to  the  rate  at  which  the  public  entity  could 
borrow  in  today's  financial  market. 

The  entire  system  will  be  operational  by  1990.  At  this  time 
the  total  annual  costs  will  level  off  at  about  $220-$225  million. 

Since  population  will  continue  to  grow,  the  per  capita  costs  will 
fall  steadily  from  $58  in  1990  to  $46  in  2020.  This  is  a natural 
result  of  building  the  system  to  accomodate  future  population  growth.. 
Most  of  the  capital  in  place  by  1990  will  be  designed  to  handle  2020 
waste  loads.  The  per  capita  costs  will  in  actuality  prove  quite 
sensitive  to  the  accuracy  of  the  population  projections  used  to  design 


^The  stormwater  costs  do  not,  therefore,  accurately  represent 
the  extra  costs  involved  in  the  treatment  of  stormwater.  To  obtain 
the  actual  marginal  costs  associated  with  the  treatment  of  stormwater, 
the  municipal  industrial  costs  for  plan  R should  be  subtracted  from 
the  total  costs  for  plan  C.  This  assumes  that  if  muni c ipal - indus t r i al 

is  treated  alone,  plan  B will  be  used  and  if  stormwater  is  also  treated, 
plan  C will  be  used 
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TABLh  44 


A.  Annual  Total  Costs  for  Plans  B and  C (,000J 


Year 


Municipal- Industrial 
Plan  B 


Stormwater 
Plan  C 


Total 
Plan  C 


5-3/84 

74 

104 

5-3/84 

74 

104 

5-3/84 

74 

104 

ly: 

30,925 

30,925 

30,925 

30,823 

30,823 

30,823 

1975 

50,770 

53,994 

60,655 

15,376 

18,163 

23,940 

64,405 

70,382 

82, 762 

1980 

58,862 

62,901 

71,248 

29,540 

34,713 

45,426 

90,868 

100,959 

121 ,851 

1985 

83,881 

91 ,166 

106,170 

54,386 

63,994 

83,887 

161,251 

185,421 

255,380 

1990 

101,283 

110,555 

129,642 

69,610 

81,898 

107,344 

191,783 

220 , 392 

279,551 

1995 

103,687 

113,090 

132,447 

70,368 

82,693 

108,213 

195,401 

224,288 

284,002 

2000 

122,425 

135,243 

161,689 

77,518 

91,231 

119,624 

193,295 

224,009 

287,517 

2005 

125,454 

138,291 

164,774 

77,789 

91,505 

119,903 

195,868 

226,689 

290,418 

2010 

128,351 

141,161 

167,585 

78,416 

92,181 

120,682 

190,266 

219,493 

279,906 

2015 

131,051 

143,889 

170,370 

78,175 

91,737 

119,827 

191, 7.74 

220,339 

280,214 

2020 

133,406 

146,190 

172,562 

79,196 

92,943 

1 21 ,406 

193,930 

223,068 

283,291 

B.  Annual  Per 

Capita  Costs  for  Plans  B and 

C 

Year 

Municipal- Industrial 
Plan  B 

Stormwater 
Plan  C 

Total 

Plan 

C 

5-3/84 

7 4 

104 

5-3/84 

74 

104 

5-3/84 

7 4 

104 

1972* 

$11.26 

$11.26 

$11.26 

$11.22 

$11.22 

411.22 

1975 

17.26 

18.36 

20.62 

$ 5.23 

$ 6.17 

$ 8.14 

21.89 

23.93 

28.13 

1980 

18.77 

20.06 

22.72 

9.42 

11.07 

14.48 

28.97 

32.19 

38.85 

1985 

24.13 

26.22 

30.54 

15.64 

18.41 

2 4.13 

46 . 38 

53.34 

67.71 

1990 

26.54 

28.97 

33.97 

18.24 

21.16 

28,13 

50.25 

57.75 

73.25 

1995 

25.48 

27.79 

32.54 

17.29 

2 0.32 

26.59 

48.01 

55.11 

69 .78 

2000 

28 . 32 

31  . 28 

37.40 

17.93 

21.10 

27.67 

44.71 

51.82 

66.51 

2005 

27.82 

30.67 

36.54 

17.25 

20.29 

26.59 

43.44 

50.28 

64.41 

2010 

2 7.34 

30.07 

35.70 

16.70 

19.63 

25.71 

40.53 

46.75 

59.62 

2015 

27.46 

30.15 

35.69 

16.38 

19.22 

2 5.11 

40 . 10 

46.16 

58.71 

2020 

27.50 

30. 14 

35.57 

16.33 

19.16 

25.03 

39.98 

45.98 

58 .40 

MIIIRCL: 


liRures  were  taken  from  WriRlit  Milati^hlin  ln^;iiiecis  II. S.  Army  Corps  ol  l.iiy  i iieei  ■' 
ileVL-land  Akron  Ihrec  Piters  k.itershod  Wastew.iter  M.in.iyemeilt  Survey  scope  Study 
1 ormu  1 a t I na  1 Re^'o  r t M.ircli,  tahles  v-8  and  \ . 

I’ait  B w.is  based  upon  part  A ami  the  lol  lowing  popul.it  ion  proimtions  lor  the  Ihiee  Ruef 
Watershed  area:  lO’O  J.TTti.hla;  l'.»7S  :.n41,bH';  I'lRil  .A  , 1 .te  , 'i 'll ; li.SS  A , 4 'i. , 'M.ii , 

I'.I‘.||I  i,81ti,.AA0;  l.tUiD.'.iS;  dOOli  4,.!JA,i:i';  Jl'Il.A  4 , .APR  , :)|oi ; :iUU  4,|oi4.SPP, 

Jill.'  I,'7d,nsi);  JOJll  4,851,101).  Ilie  popul.ition  p ro.i  ec  t i on-,  weie  t.iken  I rom  ll.uens 

,ind  Imerson,  ltd.  t'oiisiiltiny  Inyineers  survt'>  Scope  study  lor  k.istewatei  Mana^i-ment  lioyi.in 
taint  r. let  I'li.ise  Report  Pli.i  e I I’.irt  A Munu  ip.il  b.i  tew. iter,  M.i\  , I''".’,  t.ible  A 1 . 

^ I be  l‘i~"  popul.ition  li^iiii-  w.is  tmed  to  del  lie  I hi  I'l'J  pel  i .ip  i t .i  .imuiin  t . 
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the  treatment  systems.  If  population  grows  much  slower  than  expected 
then  the  per  capita  costs  will  be  higher  than  anticipated  since  the 
fixed  capital  charges  will  be  distributed  over  a smaller  population 
base . 

Speculation  relating  to  the  accuracy  of  population  projections 
is  very  difficult.  The  projections  underlying  the  table  44  and  45 
figures  have  recently  been  revised  downward.  There  is,  however,  no 
assurance  that  the  new  projections  will  remain  valid  for  any  extended 
period  of  time.  The  difficulties  involved  in  projecting  population 
and  wasteloads  led  the  Water  Resources  Council  to  make  the  following 
statement : 

"Potential  errors  in  the  planning  process  growing 
out  of  errors  in  the  projections  cannot  be  eliminated, 
but  their  effect  can  be  reduced  through  the  use  of 
sensitivity  analysis,  by  the  maintenance  of  flexibility 
in  the  development  plan  in  order  to  accommodate  revised 
projections  at  future  dates,  and  by  the  updating  of  the 
projections  at  periodic  intervals."*^ 

This  suggestion  appears  quite  reasonable  but  it  has  not  been  followed 

in  the  formulation  of  the  alternatives  for  the  Three  Rivers  Watershed 
/ 

area.  We  do  not  know  what  costs  would  be  incurred  if  the  various 
plans  had  to  be  altered  to  conform  to  revised  population  and  waste- 
load projections.  If  the  costs  involved  in  adjusting  to  changed 
circumstances  are  identical  for  all  alternatives,  then  a sensitivity 
analysis  would  be  unnecessary  and  unproductive.  This  appears  highly 
unlikely,  and  thus  the  information  generated  by  a sensitivity  analysis 


■^U.S.  Water  Resources  Council,  1972  OBBRS  Projections  Economic 
bconomic  Activity  in  the  United  States  by  liconomic  Area,  Water 


, Resources  Reg 

;ion  and  .Subarea,  and  State,  Historical  and  I’rojected 

1929  - 2020  V 

'olume  1,  p.  6. 
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would  seem  to  be  a crucial  input  into  the  decision  making  process. 


The  table  44Bt'igures  show  an  annual  per  capita  cost  of  approxi- 
mately $50  once  the  system  is  fully  operational.  This  is  certainly 
a considerable  cost,  but  it  is  far  below  tlie  $100  figure  generated 
by  preliminary  cost  data.  Adding  the  industrial  pretreatment  costs 
would  raise  the  total  annual  per  capita  cost  to  about  $65.  Municipal 
industrial  treatment  accounts  for  about  60  percent  of  the  public 
entity  per  capita  costs  witli  stormwater  treatment  adding  the  remaining 
40  percent.^  The  extra  cost  involved  in  treating  the  stormwater  is 
quite  substantial. 

The  regional  figures  presented  in  table  45  are,  of  course,  much 
lower  than  their  national  counterparts.  The  region  would  be  obli- 
gated to  pay  less  than  one-lialf  of  the  total  cost  if  plan  C were  used.'^ 
If  plan  B were  selected  to  treat  municipal - Indus tria 1 wastes  only, 
the  regional  share  of  total  costs  would  be  about  60  percent.  Once 
again,  the  discrepancy  is  caused  by  the  high  capital  requirements 
for  the  stormwater  treatment  system.  Because  the  federal  government 
pays  75  percent  of  all  capital  costs,  the  treatment  of  stormwater 
appears  deceptively  inexjjensive  from  a regional  point  of  view.  Never- 
theless the  increase  in  cost  associated  with  the  treatment  of  storm- 
water remains,  in  a relative  sense  quite  significant.  The  stormwater 
cost  increment  is  nearly  50  percent  of  the  cost  of  treating  municipal 
and  industrial  waste  alone. 


^Stormwater  treatment  accounted  for  less  than  one-third  of  the 
present  worth  of  the  public  entity  costs.  The  difference  results  from 
the  higli  ratio  of  capital  to  0 and  M costs  for  the  stormwater  treat 
ment  system. 

^Regional  costs  for  tlie  non  - i lulus  t r i a 1 sector  would  actually  he 
somewhat  less  than  the  t ali  1 e ‘/ri' i gu  res  wouUI  itulicate.  Ihe  regional 
authority  would  be  allowed  to  retain  a significant  portion  of  the  user 
fees  placed  upon  local  industries. 


It  is  very  difficult  to  estimate  the  total  regional  costs  be- 
cause of  the  uncertain  incidence  of  the  industrial  pretreatment  costs. 
It  appears  that  a maximum  level  for  regional  costs  would  be  about 
$40  per  person  per  year.  A most  reasonable  estimate  might  be  in  the 
neighborliood  of  $30  per  person  per  year.^ 

Table  U6a  presents  the  federal  share  of  the  treatment  costs  in- 
curred in  tlie  Three  Rivers  area.  These  figures  are  not  very  informa- 
tive since  they  give  no  indication  of  the  probable  level  of  federal 
expenditures  on  wastewater  treatment  for  the  entire  U.S.  The  table  46B 
figures  were  derived  by  assuming  that  per  capita  wastewater  treatment 
costs  for  the  entire  U.S.  would  be  equal  to  the  per  capita  costs  in 
the  Three  Rivers  area  for  the  designated  plans.  In  other  words,  it 
was  assumed  that  the  entire  nation  would  institute  wastewater  treat- 
ment systems  equivalent  in  both  cost  and  the  timing  of  construction 
to  the  systems  being  considered  for  the  Three  Rivers  area. 

The  federal  costs  for  the  treatment  of  both  municipal -industrial 
and  stormwater  are  obviously  quite  large  for  the  20  year  period  be- 
tween 1975  and  1955.  Annual  costs  approach  $6  billion  during  this 
period  with  the  20  year  total  exceeding  $115  billion.  Maximum  annual 


^These  figures  assume  that  only  the  Three  Rivers  Watershed  area 
will  meet  the  new  higher  water  quality  standards.  If  similar 
standards  are  met  throughout  the  country,  the  only  distinction  be- 
tween regional  and  total  costs  relates  to  the  payment  impact  point. 

A portion  of  total  costs  will  he  paid  to  the  regional  authority, 
another  portion  will  be  paid  through  federal  taxes  and  a final  por- 
tion will  lie  paid  through  higher  prices  placed  on  goods  produced  in 
all  parts  of  the  country.  Thus,  in  a most  relevant  sense,  per  capita 
regional  and  total  costs  may  be  considered  equivalent  when  national 
standards  are  enforced. 
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expenditures  of  $10  billion  would  be  reached  in  the  early  1980's. 

The  annual  federal  expenditures  might  be  reduced  considerably  during 
this  early  period  if  the  new  systems  did  not  have  to  be  constructed 
immediately  in  all  parts  of  the  country.  If  construction  in  some 
areas  was  postponed,  the  federal  expenditures  during  the  latter  por- 
tion of  the  50  year  period  would  be  increased  accordingly.  By 
spreading  out  the  construction  of  the  new  systems  over  time  it  might 
be  possible  to  even  out  annual  federal  expenditures  at  about  $3  billion 
throughout  the  period.^ 

The  federal  costs  involved  in  the  treatment  of  municipal  indus- 
trial wastes  alone  are,  of  course,  significantly  smaller.  In  addition, 
these  costs  would  be  spread  more  evenly  over  the  50  year  period  even 
if  no  attempt  was  made  to  stagger  the  construction  timing  for  the 
treatment  systems  in  different  parts  of  the  country.  From  1975-1995 
the  annual  federal  share  of  munic ipal - industrial  costs  would  be  about 
$2  billion  whereas  the  average  annual  cost  for  the  entire  period 
from  1975-2020  exceeds  $1-1/2  billion.  Total  federal  expenditures 
from  1975  to  1995  would  be  less  than  $40  billion. 

It  is  difficult  to  move  beyond  the  simple  presentation  of  these 
cost  figures.  It  is  meaningless,  for  instance,  to  argue  that  tlie 
nation  can  or  cannot  "afford"  expenditures  of  this  magnitude.  Ivaste- 

^It  should  be  noted  that  these  figures  all  relate  to  1972  prices, 
ie.,  no  inflation  has  been  built  into  the  estimates.  Rising  costs 
would  undoubtedly  cause  the  actual  federal  costs  to  far  exceed  the 
figures  given  in  table  46. 

■^The  total  cost  for  the  nation,  ie.,  federal,  local  and  indus- 
trial combined  would  bo  quite  high  for  the  near  future  if  all  por- 
tions of  the  country  were  required  to  achieve  the  new  higher  water 
(juality  standards  as  soon  as  possible.  These  total  costs  would 
easily  run  as  high  as  $15  billion  per  year  during  the  1980's. 
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water  treatment  must  compete  with  man/  other  high  priority  areas  for 
its  share  of  the  public  dollar.  The  question  is  not,  therefore,  do 
we  have  the  resources  to  undertake  programs  of  this  magnitude.  In- 
stead, we  must  ask  if  we  wish  to  devote  this  quantity  of  our  resources 
to  the  solution  of  this  particular  problem.  Ultimately  this  ques- 
tion is  one  which  will  have  to  be  answered  by  the  general  public. 

It  is,  however,  safe  to  conclude  that  the  expenditures  involved 
are  large  enough  to  warrant  careful  scrutiny  on  the  part  of  the  public. 
That  is  to  say,  automatic  approval  of  this  magnitude  of  expenditures 
is  unlikely  to  be  forthcoming.  It  is  therefore  imperative  to  clarify 
in  some  detail  the  benefits  to  be  derived  from  the  various  levels 
of  wastewater  treatment.  It  seems  reasonable  to  ask  if  the  benefits 
of  treating  stormwater  to  Level  Two  standards  justify  an  increase 
in  cost  of  almost  100  percent.  It  would  also  seem  reasonable  to 
consider  very  carefully  the  wisdom  of  postponing  the  compliance  date 
for  the  new  standards  in  some  parts  of  the  country.  If  this  is  not 
done  the  costs  incurred  in  the  near  future  may  be  high  enough  to  re- 
duce significantly  the  prospects  for  continued  public  approval  of 
tills  program. 

a.  Summary 

On  the  basis  of  the  cost  figures  for  the  final  3 alternatives 
the  following  general  comments  seem  to  be  in  order; 

1.  The  cost  differences  as  presented  at  this  time  arc  not 
large  enough  to  provide  much  guidance  in  relation  to  the 
choice  among  alternative  systems. 

2.  The  flcxiliility  allowed  by  postponing  the  institution  of 
the  land  treatment  system  until  1980  sliould  prove  very 
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beneficial.  The  intervening  7 years  should  be  used  i)  to 
clarify  certain  aspects  of  land  treatment  technology,  e.g . , 
maximum  application  rates  on  various  soil  types,  the  impact 
upon  industrial  pretreatment  costs  and  the  feasibility  of 
various  types  of  agricultural  operations  and  ii)  to  famil- 
iarize the  public  with  the  potential  benefits  of  land  treat- 
ment. A final  decision  should  not  be  made  until  the  end 
of  the  7 year  period.  The  decision  should  be  based  upon 
the  new  information  which  will  then  be  available. 

3.  Before  a final  decision  is  made  on  a regional  level  additional 
attention  should  be  directed  toward: 

i)  The  possibility  of  treating  stormwater  to  a degree  below 
Level  Two  standards. 

ii)  Tlie  completion  of  a sensitivity  analysis  designed  to  mea- 
sure the  impact  of  potential  system  adjustments  necessi- 
tated by  projection  errors. 

4.  On  a national  level  consideration  should  be  given  to  the 
staggering  of  compliance  dates  for  the  achievement  of  the 
new  water  quality  standards. 
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2 ^ Ecological  Analysis 
a.  I II  trod  action 

I'he  evaluation  of  the  final  wastewater  management  alternatives 
is  based  on  attributes  that  characterize  mature,  stable,  and  healthy 
ecosystems.  ihese  parameters  have  been  defined  and  their  importance 
described  in  previous  sections  of  this  report. 

The  impact  of  plans  A,  B,  and  C will  be  discussed  in  terms  of 
effects  on  ecosystem  energetics,  structural  components  of  biological 
communities;  nutrient  cycling;  life  histories  of  component  organisms; 
selection  pressure  against  potential  species;  and  overall  homeostatic 
control  mechanisms  for  major  ecosystems  affected  by  each  of  the 
wastewater  management  plans.  The  major  ecosystems  affected  include 
streams  and  rivers  within  the  Three  Rivers  Watershed;  streams  and 
rivers  with  the  .North  Central  Ohio  land  treatment  area;  land  treatment 
sites  within  the  Three  Rivers  Watershed;  land  treatment  sites  in  North 
Central  Oliio;  stripmined  lands  in  Eastern  Ohio;  and  Lake  Erie. 

In  general,  the  waterways  within  the  Tliree  Rivers  Watershed 
will  be  affected  by  changes  in  hydrology,  removal  of  domestic  and 
industrial  wastes,  and  by  channel  modifications.  Waterways  within 
land  treatment  areas  to  the  west  will  be  affected  by  increased  dis- 
charge, change  in  chemical  composition,  and  channel  modifications. 

The  magnitude  of  these  effects  and  the  specific  location  of  maximum 
environmental  impact  will  vary  from  plan  to  plan. 

Land  treatment  sites  witliin  the  Three  Rivers  Watershed  and  sites 
in  North  Central  Ohio  will  be  primarily  agricultural  lands.  Changes 
in  agricultural  patterns  and  farm  management  practice  will  be  required 
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under  certain  wastewater  treatment  alternatives.  Soil  texture, 
structure,  fertility,  and  biota  also  will  be  affected.  Stripmined 
areas  in  bastern  Ohio  will  require  specialized  land  management 
pr act  ices  . 

Lake  brie  will  be  affected  by  changes  in  the  chemical  composition 
of  tne  tributary  waters.  This  will  include  a reduction  in  the  quantity 
of  plant  nutrients  such  as  phosphates  and  nitrates  entering  the  lake. 
Some  elements  such  as  sodium  and  chlorides  may  increase.  The  quantity 
of  sediments  entering  the  lake  also  will  vary  depending  upon  the^ 
wastewater  management  plan  adopted.  The  total  quantity  of  water  enter- 
ing Lake  brie  will  remain  relatively  unchanged  regardless  of  the 
plan  adopted,  but  the  quantity  of  water  entering  particular  points 
along  the  lake  shore  will  vary  from  plan  to  plan. 

b.  bcosystem  bnergetics 

(1)  Consumption  of  irreplaceable  natural  resources  such  as 
fuels,  cnemical  coagguiants,  electrolytes,  and  absorbants  . After  1990 
plan  C will  consume  less  than  one  half  of  the  amount  of  chemicals  as 
required  for  plans  A and  B.  The  environmental  impact  on  areas  outside 
tne  I'nree  Itivers  Watershed  that  supply  the  chemicals,  therefore,  will 
be  consideraoly  less  under  plan  C than  either  of  the  other  plans. 

Tne  :iiagnitude  of  the  enviromental  impact  to  areas  supplying  wastewater 
treatment  cnemicals  cannot  be  accurately  assessed  within  the  scope 
of  tne  present  enviromental  scan. 

(2)  Consumption  of  electrical  power.  Plan  C will  consume 
more  tiian  twice  as  mucn  electrical  power  as  eitlier  of  tlie  other  plans, 
fne  annual  electrical  power  consumption  after  1991)  will  he  approximately 
tne  same  for  plans  A and  B. 
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Most  of  tiie  electrical  power  will  be  produced  outside  of  tne 
Ihree  lUvers  Watersiied.  The  magnitude  of  the  environmental  impact 
to  areas  supplying  electrical  power  cannot  be  accurately  assessed 
from  the  information  supplied.  Methodology  for  evaluating  the 
impact  of  electrical  power  production  is  poorly  aeveloped  at  tnis 
time  . 

(3)  Balance  between  Productivity  and  respiration  (P/R  ratios). 
Productivity/respiration  ratios  approach  one  (1)  in  most  natural 
ecosystems.  In  agricultural  ecosystems  and  newly  reforested  areas 
it  is  considered  desirable  to  increase  productivity  so  that  the  ratio 
exceeds  one.  In  aquatic  ecosystems,  however,  both  high  P/R  ratios 
and  low  ratios  lead  to  undesirable  effects.  If  productivity  greatly 
exceeds  tne  ratio  of  respiration  massive  blooms  of  algae  and  excessive 
growths  of  aquatic  vascular  plants  often  accumulate  in  waterways 
rendering  them  unfit  for  recreational  uses  or  for  domestic  water 
supplies.  If  excessive  quantities  of  decaying  organic  materials  such 
as  untreated  or  partially  treated  sewage  is  emptied  into  a waterway, 
the  P/R  ratio  declines  to  much  less  than  one.  This  situation  often 
is  accompanied  by  toxic  conditions  and  oxygen  depletions  that  destro>- 
many  desirable  forms  of  aquatic  life. 

(a)  Effects  on  rivers  and  streams  of  Three  Rivers  Watersiied.  - 
All  three  plans  should  greatly  improve  the  present  balance  between 
productivity  and  respiration  in  aquatic  ecosystems  within  t)ie  Three 
Rivers  Watershed.  Imbalances  in  P/R  ratios  presently  created  by  the 
discharge  of  poorly  treated  sewage  below  Akron,  Cleveland  Southerly, 
and  several  other  municipal t ies  should  be  improved  s igni f icantly 
under  each  plan.  A greatly  enlarged  evaluation  program  would  be 
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required  to  accurately  determine  the  degree  of  difference  in  improve- 
ment in  P/h  ratios  that  could  be  expected  from  each  plan. 

(b)  iiffects  on  rivers  and  streams  in  North  Central  Ohio,  - 
Only  plan  C will  have  an  impact  on  the  productivity/respiration 

ratio  in  areas  to  the  west.  If  the  amount  of  phosphates  now  entering 
streams  in  this  region  can  be  reduced,  then  a more  favorable  P/R 
balance  will  be  achieved.  Otherwise,  the  flow  of  nutrients  and  the 
increased  flow  of  water  in  streams  of  the  out- of- basin  land  treatment 
area  may  increase  algae  and  vascular  plant  productivity  to  an  undesirable 
level, 

(c)  effects  on  agricultural  lands  in  the  Tliree  Rivers  Watershed  - 
Since  an  increase  in  productivity  over  respiration  is  usually 

regarded  as  iiighly  desirable  for  agricultural  systems,  then  plans  B 
and  C should  produce  the  more  beneficial  effects  on  agricultural  lands 
within  the  Three  Rivers  Watershed.  Plan  A will  have  no  effect  on  the 
P/R  ratio  of  agricultural  lanus . 

(d)  effects  on  agricultural  lands  in  North  Central  Ohio.  - 
Plan  C should  enable  farmers  to  maintain  high  P/R  ratios  for 

tneir  crops  witnout  the  addition  of  commercial  fertilizers.  Plans 
B and  C will  nave  no  impact  on  the  balance  between  productivity  and 
respiration  in  this  area. 

(e)  effects  on  Lake  Brie.  - 

In  recent  years  increased  nutrient  inputs  into  Lake  Brie  have 
greatly  accelerated  productivity  within  the  lake.  This  has  led  to 
undesirable  algae  blooms  and  to  the  replacement  of  desirable  species 
of  aquatic  life  with  more  undesirable  organisms.  I'he  amount  of  phosphate 
disenarged  into  Lake  Brie  appears  to  be  approximately  tlie  same  for 
eacii  plan.  fhe  impact  of  this  nutrient  discharge  on  productivity  in 
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Lake  uric,  Lucreioro,  would  be  approx  iiiiutely  identical  under  each 
plan . 

(4)  Maximization  of  tne  return  of  humic  materials  (sludge)  to 
ecosystems  of  origin.  Organic  sludges  are  the  principle  humic 
materials  generated  in  each  wastewater  treatment  plan.  Plan  C will 
maximize  tne  return  of  this  material  to  land  areas  where  it  can  be 
used  most  beneficially  as  a soil  conditioner.  Under  plan  B moderate 
quantities  of  sludge  are  returned  to  land  areas  within  the  basin. 
Incineration  of  sludge  as  proposed  under  Plans  A and  B is  extremely 
unwise  from  tne  ecological  viewpoint. 

(5)  Production  of  effiueiit  tnat  requires  additional  labor  and 
fossil  fuel  inputs  (energy  supplements)  to  maintain  stability  in 
receiving  agricultural  and  aquatic  ecosystems.  Plan  A will  require 
the  least  additional  labor  and  supplementary  energy  for  maintaining 
tne  stability  of  receiving  ecosystems.  Plan  C will  require  extensive 
inputs  of  labor  and  energy  to  maintain  agricultural  areas  to  the  west 
and  to  prevent  over- fertilization  of  waterways  in  tnis  area. 

In  sufficient  information  is  not  available  to  adequately  assess 
the  magnitude  of  tne  additional  labor  and  energy  requirements  tnat 
will  be  generated  under  plan  C. 

c . bcosystcni  Structural  Components 

(1)  Maximization  for  diversity  of  aquatic  life. 

(a)  liffects  on  aquatic  life  within  t)ie  Three  Rivers  Watersl)ed. 

Tile  diversity  of  aquatic  life  in  the  Rocky  River,  middle  and 
lower  Cuyanoga  River  and  the  Chagrin  River  snould  be  improved  con- 
siderably under  eac.i  plan.  Most  studies  of  benthic  inver tenrates  within 
tne  watershed  indicate  tnat  in  the  most  iieavily  polluted  areas  up  to 
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95 0 of  the  species  have  been  eliminated.  A comparable  reduction 
in  the  number  of  fish  species  also  has  occurred.  Most  of  the  missing 
species  probably  can  be  restored  if  the  quality  of  effluent  proposed 
under  each  plan  can  be  achieved. 

The  magnitude  of  improvement  in  diversity  cannot  be  accurately 
forecast  at  tliis  time  because  of  insufficient  knowledge  of  the  effects 
of  various  chemicals,  mixtures  of  chemicals  and  interaction  of  chemic’’! 
substances  with  physical  factors  on  the  iiousands  of  species  of  aquatic 
organisms  indigenous  to  the  Three  Rivers  Watershed. 

The  effects  on  aquatic  life  of  slight  differences  between  plans 
in  the  discharge  of  BOD,  phosphate,  ammonia,  and  suspended  solids 
cannot  be  determined  with  present  methodology. 

(b)  Kffects  on  aquatic  life  in  Lake  Erie.  - 
The  effects  of  Three  Rivers  water  on  the  diversity  of  aquatic  life 
are  most  noticeable  in  the  near-shore  areas  around  Cleveland  where 
the  diversity  of  benthic  organisms  and  fish  is  especially  low.  The 
diversity  of  tiiese  organisms  should  improve  considerably  in  this 
region  if  the  quality  of  effluent  proposed  under  eacli  plan  can  be 
achieved.  It  is  not  possible  to  distinguish  between  plans  with  regard 
to  the  degree  of  improvement  of  diversity  expected  from  each  plan. 

d.  Nutrient  Cycling 

(1)  Maximization  for  recycling  of  phosphorus  and  nitrogens. 

Plan  c;  is  the  only  plan  with  extensive  provisions  for  recycling  of 
plant  nutrients  such  as  phosphorus  and  nitrogen.  Some  recycling  of 
these  elements  will  take  place  within  the  basin  under  Plan  B.  i’lan  C 
also  maximizes  for  ensuring  biological  control  of  nutrient  cycles. 

Reuse  of  organic  sludges  as  soil  conditioners  also  is  maximized  under 
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Plan  C . Plans  A and  B will  generate  large  quantities  of  inorganic  sludges 
with  very  poor  reuse  potential.  After  1990  Plans  A and  B each  will 
generate  approximately  three  times  as  much  inorganic  sludge  as  Plan  C, 
although  the  inorganic  content  will  be  somewhat  less  in  Plan  A to  Level  One, 
(b)  Maintenance  of  natural  hydrologic  regimes.  Present 
hydrologic  regimes  in  the  Three  Itivers  Watershed  will  be  least 
disrupted  under  Plan  A. 

The  major  changes  vvill  occur  in  Tinkers  Creek  and  the  lower 
Rocky  River  wnere  as  much  as  50»  of  the  present  flow  is  maintained 
by  effluent  from  wastewater  treatment  facilities.  Consolidation  of 
these  wastewater  facilities  witli  large  regionalized  plants  farther 
downstream  will  greatly  reduce  the  flow  in  certain  sections  of  Tinkers 
Creek  and  the  lower  Rocky  River.  Under  Plan  B the  flow  of  water  in 
the  Rocky  River  and  the  upper  Cuyahoga  will  be  partially  augmented 
by  drainage  from  in-basin  land  treatment  areas.  Major  alternations 
in  hydrologic  regimes  will  occur  under  Plan  C.  The  discharge  of 
streams  in  tl\o  vicinity  of  Cleveland  tliat  are  presently  augmented 
with  water  from  Lake  Trie  through  tlie  Cleveland  water  distribution 
system  will  be  reduced  by  at  least  50°b.  The  annual  discharge  of  the 
Sandusky  River  in  N'orth  Central  Ohio  will  be  doubled  by  the  year 
2000. 

Disruption  of  present  hydrologic  regimes  under  Plan  C will  have 
two  major  effects  on  Lake  Krie. 

(1)  fhe  amount  of  sediment  transported  into  the  lake  will 
increase  approximately  four  times.  At  present  85s  of  the  water  used 
within  the  Three  Rivers  Watershed  is  taken  from  Lake  lirie,  used  in  tlie 
vicinity  of  Cleveland,  and  returned  near  the  mouths  of  local  streams 
close  to  Lake  line.  Very  little  of  this  water  comes  into  contact  witli 
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the  land  where  soil  particles  would  be  removed  and  transported  into 
Lake  Lrie. 


Under  Plan  C most  of  the  water  obtained  from  Lake  iirie  would  be 
transported  to  the  west  where  it  would  be  percolated  through  the 
soil.  despite  elaborate  erosion  control  measures  substantially 
larger  quantities  of  soil  would  be  transported  into  Lake  lirie  than 
occurs  under  present  conditions. 

(2)  The  location  of  the  point  of  discharge  for  at  least  half 
of  the  water  entering  Lake  Erie  from  the  Three  River  area  would  be 
changed.  At  present  most  of  the  discharge  from  the  Three  River 
Watershed  occurs  in  the  vicinity  of  Cleveland.  Under  Plan  C approxi- 
mately half  of  the  present  annual  discharge  would  enter  Lake  Erie 
near  the  mouth  of  the  Sandusky  River  in  North  Central  Ohio.  The 
ecological  implications  of  this  change  in  discharge  location  are 
difficult  to  evaluate  and  should  be  studied  further. 

e . Life  History 

(11  Development  of  a great  variety  of  ecological  niches, 
stimulation  of  populations  or  large  organisms,  and  encouragement  of 
species  with  long,  complex  life  cycles. 

This  parameter  is  most  applicable  for  aquatic  habitats  within 
tne  Three  Rivers  Watershed  and  for  Lake  Erie.  The  parameter  docs 
not  apply  to  agricultural  ecosystems  where  ecological  niches  and  the 
kinds  of  organisms  present  are  maintained  by  human  labor  and  energy 
supplements  from  outside  the  system.  Each  of  the  plans  should  improve 
substantially  the  variety  of  niches  available  within  the  streams  and 
rivers  of  the  watershed  and  in  Lake  Erie.  The  magnitude  of  these 
improvements  cannot  be  determined  witliin  the  scope  of  tiiis  evaluation. 
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Further  studies  also  would  be  required  to  distinguish,  between 
plans,  any  differences  expected  in  the  development  of  ecological 
niches  and  species  with  long,  complex  life  cycles. 

f • Selection  Pressure 

(1)  Control  of  nuisance  organisms  such  as  mosquitoes,  house 
flies,  midges,  sludgeworms,  aquatic  weeds,  and  bluegreen  algae. 
Elimination  of  toxic  conditions  in  the  middle  and  lower  Cuyahoga  River 
as  indicated  under  each  of  the  plans  may  actually  encourage  nuisance 
organisms  such  as  mosquitoes  and  midges.  The  reduction  of  toxicants 
also  could  allow  an  increased  growth  of  aquatic  vascular  plants  and 
algae  in  the  rivers  and  streams.  Lakes  within  the  basin  would  be 
relatively  unaffected.  'J'he  growth  of  aquatic  vegetation  would  be 
especially  large  unless  phosphate  levels  in  the  waterways  could  be 
maintained  well  below  0,5  ppm.  fhis  is  an  unlikely  possibility 
because  of  the  large  number  of  septic  tanks  within  the  waterslied  and 
because  of  tlie  large  quantities  of  phosphates  entering  the  streams 
from  stormwater  runoff. 

The  construction  of  sewage  lagoons  within  the  watershed  under 
Plan  B and  in  western  Ohio  under  Plan  A would  increase  the  breeding 
areas  for  mosquitoes.  The  range  of  these  organisms,  however,  would 
be  confined  to  relatively  short  distances  from  the  lagoon  margins. 

g , Overall  Homeostasis 

fl)  Rehabilitation  of  terrestrial  ecosystems  that  have  been 
destroyed  or  badly  disturbed  wiii  le  supplying  resources  to  tl;c  Three 
Rivers  Watershed. 


Relatively  small  quantities  of  sludge  will  be  transported  to 
Eastern  Ohio  for  the  rehabilitation  of  stripmined  lands  under  either 
Flan  A.  Amounts  will  be  increased  considerably  after  1990, 

Flan  B Is  similar  to  Flan  A,  using  incineration  and  moderate 
quantities  of  sludge  to  apply  to  agricultural  lands  and  stripmine 
areas.  Transmission  to  stripmine  areas  will  increase  after  1990. 

Flan  C will  dispose  of  sludge  by  incineration  and  some  application 
to  agricultural  land  up  to  2000.  After  that,  sludge  previously 
incinerated  will  be  removed  at  the  land  treatment  areas  to  the 
west.  .Nio  application  is  made  on  stripmined  areas.  The  important 
enviromental  problem  represented  by  stripmined  areas  should  receive 
more  attention  in  each  plan. 

(2)  Conversion  of .terrestrial  ecosystems  into  aquatic  ecostems. 
Under  Plan  C,  the  conversion  of  land  areas  into  sewage  lagoons 
and  winter  storage  facilities  will  greatly  exceed  the  conversion  under 
Flans  A and  B.  Since  most  of  the  converted  areas  will  be  agricultural 
lands  in  western  Ohio,  studies  should  be  made  to  determine  if  the  loss 
in  agricultural  productivity  due  to  land  conversion  will  be  compensated 
by  increased  crop  yields  on  the  adjacent  land  treatment  sites.  Present 
plans  are  not  detailed  enough  to  make  these  estimates. 

(a)  Protection  of  plant  and  animal  life  (including  human  life) 
from  possible  cumulative  toxic  effects  of  heavy  metals  or  otlier 
iiarmful  industrial  and  agricultural  chemicals. 

Plan  C witii  its  strong  emphasis  on  land  treatment  would  raise 
the  most  serious  possibilities  of  long-range  toxic  effects  from 
heavy  metal  accuinulation  through  agricultural  food  cliains.  Recent 
studies  with  sludge  disposal  on  agricultural  lands  at  the  University 
of  Illinois  indicate  that  toxicities  to  crops  and  .inimals  on  a 


i 
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short-term  basis  probably  will  not  lie  a serious  problem.  1 he 
long-term  effects,  involving  accumulation  of  heav)’’  metals  in 
humans,  however,  have  not  been  adequately  studied.  Also  the  sludges 
used  in  the  University  of  Illinois  studies  did  not  contain  large 
quantities  of  industrial  wastes. 

Early  action  programs  should  be  initiated  in  Ohio  to  determine 
long-range,  cumulative  effects  of  heavy  metals  applied  to  agricultural 
lands.  Wastewater  and  sludges  from  the  Akron  and  Cleveland  industrial 
areas  should  be  used. 
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r . Individual  Plan  livaluation 

The  twelve  alternate  plans  previously  evaluated  have,  in  this 
final  section,  been  reduced  to  three  for  a detailed  cost  analysis 
and  time  phasing.  The  three  selected  for  further  investigation  by 
the  llorps  of  Engineers  and  the  Ohio  Environmental  Protection  Agency 
were  originally  designated  Plans  1,  7 and  8.  However,  modifications 
have  been  made  in  these  original  plans  and  the  new  related  desig- 
nations are  Plan  A,  Plan  B,  and  Plan  C. 

The  twelve  alternate  plans  reviewed  in  the  previous  section, 
were  not  all  designed  to  meet  the  same  pollution  control  standards. 
However,  all  new  plans  are  designed  to  achieve  a Level  I'wo  effluent 
by  1985.  Level  Two  is  based  upon  the  Corps  of  Engineers  inter- 
pretation of  the  national  goal  identified  in  the  Water  Pollution 
Control  Act  of  1972.  In  addition  to  the  detailed  Level  I'wo 
planning,  Plan  A has  been  costed  to  a Level  One  effluent  (state 
standard)  to  provide  comparative  data  indicating  the  cost  of 
achieving  the  higher  water  quality. 

'•lodi  fications , directed  toward  optimization  of  the  three  plans, 
have  been  made  in  the  treatment  of  stormwater  and  in  sludge  handling 
techniques.  Further  changes  have  been  made  in  the  land  treatment, 
where  aerated  lagoons  have  generally  replaced  conventional  secondary 
treatment  and  high  rate  effluent  applications  have  replaced  a 
more  conservative  approach. 
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1.  Plan  A - Level  One 


(a)  General  Description 

Plan  A is  similar  to  Plan  1,  which  was  in  turn,  a modification 
of  the  Northeast  Ohio  Water  Development  planning,  based  on  higher 
effluent  standards  and  incorporating  stormwater  treatment.  Twenty- 
six  plants  are  proposed,  eighteen  of  them  new,  and  all  discnarging 
to  water.  Twenty-three  will  be  biological  treatment  systems  while 
three  are  physical- chemical . These  include  a new  Kent  plant. 

Rocky  River,  and  Cleveland  Westerly.  Digested  sludge  will  ultimately 
be  applied  to  strip  mined  areas  or  local  agricultural  areas,  but 
major  amounts  are  incinerated  up  to  1990  and  physical -chemical 
plants  will  continue  to  do  so. 

Plan  A,  Level  One  and  Plan  A,  Level  Two  have  the  same  facilities 
and  locations.  The  particular  consolidations  and  degree  of  regional i 
zation  was  optimized  for  the  Level  Two  cost  and  "may  not  be  optimized 
for  the  Level  One  cost."  Nevertheless,  approximately  43"o  of  storm- 
water will  be  treated  in  municipal  plants  during  off  peak  hours  and 
81  separate  stormwater  treatment  plants  will  treat  the  balance. 

I'he  regionalization  is  most  evident  in  the  Rocky  River  Basin 
where  only  two  pJants  are  projected.  Wastewater  will  be  removed 
from  both  the  East  and  West  Branch  of  the  Rocky  River  and  transmitted 
to  the  Cleveland  Southerly  plant. 

(b)  Ecological  Considerations 

Reference  is  made  to  the  ecological  analysis  beginning  on 
page  427.  Plan  A-1  requires  considerable  input  of  power  and  resource 
for  operation.  As  a Level  One  plan,  it  does  not  contribute  to  a 
stable  P/R  ratio  (the  ratio  of  gross  production  to  total  community 


respiration  as  probably  one  of  the  best  functional  indexes  of  the 
relative  maturity  and  stability  of  the  ecosystem),  and  provides 
little  encouragement  to  aquatic  diversity,  ecosystem  maturity, 
and  organism  inter-relationships.  It  requires  little  disturbance 
of  terrestrial  ecosystems  but  must  be  downgraded  on  its  comparative 
protection  of  life  from  the  potential  of  toxic  materials  and  viruse 

(c)  Resource  Demands 

The  power  required  in  Plan  A-1,  for  the  achievement  of  Level 
One  treatment  standards  by  the  year  2020  will  amount  to  2105  mega- 
watt hours  daily,  about  87%  of  that  required  by  Plan  A-2.  At  the 
current  cost  of  $0.0121  per  KWH,  the  daily  cost  would  amount  to 
$25,470.00.  The  chemical  requirements  for  treatment  will  be  about 
tw'o- thirds  of  that  for  Plan  A-2,  but  will  still  amount  to  about 
700,000  pounds  per  day  in  chlorine  (125,800  lbs.)  alum,  lime  and 
polymers.  The  future  environmental  and  economic  costs  of  energy 
production  and  resource  demands  are  discussed  in  Attachment  G. 

(d)  Reliabili ty 

Reference  is  made  to  the  reliability  of  the  biological  treat- 
ment method  on  page  298  and  to  the  procedure  of  treating  stormwater 
in  the  low  flow  periods  of  municipal  plants  on  page  521.  The  effec 
tivencss  of  the  tertiary  treatment  is  of  course  dependent  on  the 
adequacy  of  the  secondary  treatment  and  failure  of  this  section  of 
treatment  can  lead  to  temporary  deterioration  of  the  entire  process 
i he  treatment  process  is  not  expected  to  remove  tlic  viral  hacard 
and  some  flow  through  of  toxic  metals  and  refractory  organics  will 
be  present.  A system  failure  would  result  in  the  current  practice 
of  spilling  untreated  vv'astes  into  the  streams  and  Lake  Lrie.  In 


addition  to  the  biological  process,  there  are  unanswered  questions 
about  the  capability  of  large  scale  physical -chemical  plants  to 
meet  required  standards  consistently  and  the  reliability  of  a 
system  treating  stormwater  and  municipal  flows  is  unknown. 

fe)  Land  Use  Changes 

The  proposed  land  requirements  would  include  space  for  a 500- 
foot  buffer  strip  around  each  municipal  treatment  plant.  The  require 
ments  for  acreage  include  720.5  acres  for  wastewater  and  l,  740,(i  for 
stormwater,  totalling  2,470.1  acres.  No  land  treatment  acreage  is 
required,  however,  the  incineration  of  about  290  tons  of  sludges  dai! 
will  require  landfill  acreage  and  present  problems  of  denial  of  other 
usage  and  various  esthetic  consequences.  The  acreage  assigned  to 
stormwater  collection,  will  under  current  plans  be  unavailable  for 
alternate  recreational  use  because  of  intermittent  water  levels. 

They  will  constitute  an  attractive  nuisance  and  possibly  a health 
hazard  as  well,  though  fluctuating  water  levels  should  inhibit  insect 
growth.  Consideration  should  be  given  to  flow  control  to  allow 
minimal  recreational  use,  during  the  winter  months  for  ice  skating, 
for  instance.  There  are  a number  of  active  and  passive  recreational 
uses  possible  in  association  with  treated  stormwater,  other  benefits 
to  be  gained  from  flow  control  and  a totally  unexplored  potential 
for  local  industrial  use  even  though  treatment  would  produce  a noa- 
potable  water.  In  other  aspects,  improved  water  quality  may  be 
expected  eventually  to  enhance  the  potential  of  the  adjacent  land. 


f.  Public/Political  Perceptions 


Plan  A- 1 is  established  on  a relatively  firm  base  of  state 
water  resources  planning  and  the  Three  Rivers  Watershed  District. 

With  this  precedent,  the  various  pressures  of  regionalization,  and 
tlie  1 972  water  quality  law,  there  appear  to  be  no  insuperable 
institutional  barriers.  Continued  public  environmental  concern  will 
assist  in  the  realization  of  a plan  as  will  the  comparative  Level 
One  cost  factors.  The  failure  to  recycle  residuals,  and  the  lack 
of  multiple  use  opportunities  may  be  detrimental. 

g . I'lexibility 

The  Level  One  treatment  system  is  essentially  a conventional 
activated  sludge  plant  with  add-on  units  for  removal  of  specific 
pollutants.  The  current  requirement  to  meet  Level  Two  standards 
by  1985,  could  therefore  be  met  by  process  additions  or  by  con- 
version in  some  instances  to  land  treatment.  Physical -chemical 
plants  are  not  as  readily  adaptable.  The  plan  for  the  Southwest 
interceptor  is  a major  commitment  which  would  severely  inhibit 
subsequent  changes  in  the  Rocky  River  Basin.  The  flexibility  of 
stormwater  treatment  is  a cause  for  concern.  If  eventually  it  is 
decided  that  stormwater  treatment  may  remain  at  Level  One,  cither 
permanently  or  until  a later  compliance  date,  there  will  be  no  way 

j of  separating  the  combined  flows  and  over  capacity  may  result  in  the 

system. 

t 

li , Stormwater  Management 

^ Reference  is  made  to  the  discussion  of  the  level  of  storm- 

water treatment  on  pages  .502-505,  There  is  a major  question  whcthei' 

I.cvel  One  stormwater  treatment  can  be  optimized  by  combined  treatment 

1 
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in  municiii.ll  p hints  ns  opposcil  to  tlir  multiple  vnlues  in  localized 
treatment  and  discharge  and  the  elimination  of  both  hazards  and 
sizing  problems  in  municipal  plants, 

(i ) Residuals 

The  residuals  from  Plan  will  include  over  580  dry  tons  of 
sludge  by  the  year  2020  from  municipal  plants,  and  sludge  from 
stormwater  collection  basins.  The  sludge  from  the  collection  basins 
will  be  disposed  of  by  recycling  for  topsoil  or  fertilizer  or  put 
into  landfill. 

( j ) Disposal  .Methods 

Until  1990,  two-thirds  of  the  available  sludge  will  be  incinerated, 
less  than  3"o  will  be  sent  to  strip  mines  for  reclamation  work,  and 
the  balance  will  be  applied  locally  to  agricultural  land.  Inasmuch 
as  costs,  both  economic  and  envi ronmental  are  generated  by  incineration, 
the  destruction  of  an  irreplaceable  resource,  and  the  loss  of  benefit.' 
in  reclamation  should  be  carefully  considered.  From  an  environment.il 
point  of  view,  incineration  should  be  phased  out  as  rapidly  as 
alternate  means  can  be  developed  to  recycle  the  sludges. 

(k)  National  Objectives 

Consideration  of  national  and  regional  objectives  for  Plan  \ I 
will  be  similar  to  Plan  A-Z  and  will  be  considered  following  Plan 
A-2  discussion.  The  one  obvious  dissimilarity  is  the  failure  of 
this  plan  to  meet  a national  objective  as  expressed  in  the  Federal 
Water  Pollution  Control  .Act  of  1 972  , which  stated  in  Section  iOla 
that  "it  is  the  national  goal  that  the  discharge  of  pollutants  into 
the  navigable  waters  be  eliminated  by  1985."  Plan  A-1  is  a plan  not 
to  meet  that  goa  I . 
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2.  Plan  A - Level  Two 


(a)  General  Description 

Plan  A-2  is  similar  to  Plan  1,  which  was  in  turn  a Bodification 
of  Northeast  Ohio  Water  Development  planning,  based  on  higher  effluent 

standards.  Twenty>six  plants  are  proposed,  all  discharging  to  water. 
Twenty-three  are  advanced  biological  systems  while  three  are 
physical-chemical.  These  include  a new  Kent  plant,  and  Rocky  River 
and  Cleveland  Westerly.  Digested  sludge  is  ultimately  applied  to 
strip  mine  areas  or  local  agricultural  lands,  with  residuals  from 
physical-chemical  plants  being  incinerated. 

Stormwater  treatment  has  been  optimized  to  take  advantage  of 
the  available  capacity  in  municipal  plants.  Eighty-one  separate 
advanced  stormwater  treatment  plants  are  designed  to  treat  about 
571  of  the  runoff. 

Plan  A-2  is  highly  regionalized,  particularly  in  the  Rocky  River 
Basin  where  only  two  plants  will  remain  after  1990.  The  Southwest 
Interceptor  will  then  divert  flows  to  Cleveland  Southerly.  Regional- 
ization is  more  limited  in  the  Chagrin  and  Cuyahoga  River  Basins. 

(b)  Ecological  Considerations 

Reference  is  made  to  the  ecological  analysis  beginning  on 
page  427. 

(c)  Resource  Demands 

The  power  required  in  Plan  A-2,  for  the  achievement  of  Level  Two 
treatment  standards  by  the  year  2020  will  amount  to  2414  megawatt 
hours  daily.  At  the  current  cost  of  $0.0121  per  KWH  the  daily  cost 
will  be  $29,209.00.  The  chemical  requirements  for  treatment  will 
amount  to  962,400  pounds  per  day  in  chlorine  (105,200  Ibs/day) , alum, 
polymer,  methanol  and  lime.  The  environmental  and  economic  costs  of 
energy  production  and  the  economic  factors  in  resource  demands 
are  discussed  in  Attachment  G , 


(d)  Reliability 

Reference  is  made  to  this  section  on  pages  298  and  321 
relating  to  the  effectiveness  of  advanced  biological  treatment  being 
dependent  on  the  adequacy  of  secondary  treatment  and  the  competency 
of  personnel.  Viral  hazards  are  not  expected  to  be  completely 
eliminated  in  this  treatment.  There  are  also  unanswered  questions 
about  the  capability  of  large  scale  physical -chemical  plants  being 
able  to  meet  the  required  standards  consistently.  The  experience 
is  lacking.  System  failure,  in  water  based  treatment,  may  result 
in  the  release  of  untreated  wastes  to  water.  The  reliability  of  a 
system  treating  stormwater  with  municipal  flows  is  also  unknown 
since  it  has  not  been  previously  tried  on  this  scale. 

(e)  Land  Use  Changes 

The  proposed  land  requirements  would  include  space  for  a 500- 
foot  buffer  strip  around  each  municipal  treatment  plant.  The  require- 
ments for  acreage  include  720.5  acres  for  wastewater  and  1,740.6  for 
stormwater,  totalling  2,470.1  acres.  No  land  treatment  acreage  is 
required,  however,  the  incineration  of  about  290  tons  of  sludges  dailv 
will  require  landfill  acreage  and  present  problems  of  denial  of  other 
usage  and  various  esthetic  consequences.  The  acreage  assigned  to 
stormwater  collection,  will  under  current  plans  be  unavailable  for 
alternate  recreational  use  because  of  intermittent  water  levels. 

They  will  constitute  an  attractive  nuisance  and  possibly  a health 
hazard  as  well,  though  fluctuating  water  levels  should  inhibit  insect 
growth.  Consideration  should  be  given  to  flow  control  to  allow 
minimal  recreational  use,  during  the  winter  months  for  ice  skating. 
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for  instance.  In  other  aspects,  improved  water  quality  may  be  expected 
eventually  to  enhance  the  potential  of  the  adjacent  land. 

(f ) Political/Public  Perceptions 

Reference  is  made  to  the  discussion  of  institutional  aspects 
in  Attachment  11  and  the  section  beginning  on  page  3U0.  Plan  A-2 
as  Plan  1,  begins  from  a relatively  solid  based  state  planning,  within 
an  area  where  regionalized  planning,  if  not  management,  has  been 
accepted.  However,  the  acceptance  of  the  local  portion  of  costs 
involved  in  achieving  a Level  Two  effluent  will  depend  in  some  measure 
on  the  level  of  environmental  concern,  the  incremental  costs  above 
previous  treatment  levels  and  the  demonstration  of  environmental 
need  subsequent  to  the  achievement  of  earlier  levels.  Plan  A-2  is 
hampered  to  some  extent  by  limited  opportunities  for  reuse,  recycling 
and  alternate  uses  in  the  process  and  facilities  selected. 

(g ) Flexibility 

The  advanced  biological  system  used  in  most  plants  is  essentially 
a conventional  activated  sludge  plant  with  add-on  units  for  removal 
of  specific  pollutants.  Changes  in  the  quality  of  influent  or 
effluent  can  be  met  by  process  additions  or  by  conversion  to  land 
filtration.  The  system  is  relatively  inflexible  for  resizing  to  meet 
an  increase  or  reduction  in  hydraulic  flow.  The  plan  for  the  South- 
west interceptor  is  a major  commitment  which  would  inhibit  subsequent 
changes  in  the  Rocky  River  Basin.  If  it  is  eventually  decided  that 
stormwater  does  not  require  the  same  level  of  treatment  as  sanitary 
waste,  there  will  be  no  way  of  separating  the  combined  flows.  The 


cost  of  stormwater  treatment  may  be  so  great  as  to  delay  its  phasing 
until  after  the  sanitary  system,  resulting  in  plants  with  a major 
overcapacity.  The  costs  involved  in  a Level  Two  system  are  such  that 
conversion  to  other  systems  would  be  most  unlikely. 

(h)  Stormwater  Treatment 

Reference  is  made  to  this  section  on  page  302  and  323. 

(i)  Hydrologic  Effects 

Reference  is  made  to  this  section  on  page  304,  relating  to 
Rocky  River  flows.  In  general,  the  diversion  of  stormwater  downstream 
to  regional  plants  is  expected  to  reduce  the  flow  in  several  reaches 
of  the  various  streams. 

( j ) Residuals 

The  residuals  from  Plan  A will  include  over  580  dry  tons  of 
sludge  by  the  year  2020  from  municipal  plants,  and  sludge  from 
stormwater  collection  basins.  The  sludge  from  the  collection  basins 
will  be  disposed  of  by  recycling  for  topsoil  or  fertilizer  or  put 
into  landfill. 

(k)  Disposal  Methods 

Until  1990,  two-thirds  of  the  available  sludge  will  be  incinerated, 
less  than  31  will  be  sent  to  strip  mines  for  reclamation  work,  and 
the  balance  will  be  applied  locally  to  agricultural  land.  Inasmuch 
as  costs,  both  economic  and  environmental  are  generated  by  incineration, 
the  destruction  of  an  irreplaceable  resource,  and  the  loss  of  benefits 

in  reclamation  should  be  carefully  considered.  From  an  environmental 

/ 

point  of  view,  incineration  should  be  phased  out  as  rapidly  as 
alternate  means  can  be  developed  to  recycle  the  sludges. 
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( 1)  Regional  Development 


There  is  a major  question  whether  the  development  of  water 
resources  can  influence  population  growth  or  redistribution  and 
economic  prosperity  in  a regional  sense.  Regional  development  is 
a complex  economic  and  social  phenomenon  and  no  simple  generalization 
is  possible.  While  historically,  regional  development  in  the  West 
has  been  encouraged  and  made  possible  by  water  projects,  its  signi- 
ficance is  now  reduced.  At  the  present  time,  national  water  policy 
does  not  appear  to  be  a way  to  influence  the  distribution  of  popula- 
tion. Growth  today  appears  to  be  more  related  to  location  and  access 
to  metropolitan  areas,  a minimum  concentration  of  population,  a his- 
tory of  recent  growth  and  an  economic  base  including  manufacturing. 

The  availability  of  water  is  neither  a guarantee  of  economic 
growth  nor  a hindrance  of  in  short  supply.  There  are  so  many 
opportunities  for  water  conservation  and  reuse,  that  the  physical 
availability  of  water,  beyond  some  minimal  amount,  has  little 
influence  on  industrial  location.  Short-term  economic  gains  such 
as  the  reduction  of  unemployment  and  the  increase  of  local  income 
from  construction  projects  are  seen  but  these  disappear  rapidly 
on  completion  of  construction. 

In  the  sense  that  water  must  be  viewed  as  a scarce  resource, 
the  development  of  any  factor  such  as  wastewater  treatment,  will 
influence  regional  growth  only  when  (1)  market  demands  indicate 
that  the  goods  and  services  that  would  be  produced  are  needed  by 
a growing  economy,  (2)  substitutes  for  water  related  goods  and 
services  are  not  economically  competitive  ^n  meeting  these  demands. 
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and  only  where  (3)  the  competitive  advantage  is  favorable,  and 
(4)  the  region  is  willing  and  able  to  undertake  complementary  develop- 
ment activities.  Any  failure  to  recognize  these  requirements  would 
result  in  projects  without  useful  effect  on  regional  growth,  or  one 
that  merely  relocates  economic  activity  without  a net  gain  to  national 
development . 

Regional  development  in  the  future  will  probably  be  shaped 
more  by  basic  market  forces  and  governmental  policies.  The 
tremendous  growth  of  transportation  and  communications  capability 
of  the  past  couple  of  decades,  hav'^e  strengthened  the  influence  of 
national  and  international  markets  on  the  economic  growth  in  eadi 
of  the  nation's  component  regions.  Witness  the  growth  of  multi- 
national corporations  within  the  past  several  years.  Coupled 
with  this  is  the  influence  of  federal  economic  policies,  and  in 
some  cases  government  purchases,  on  the  regional  economy.  It 
must  be  indicated  tliat  any  regional  economic  growth  is  increasingly 
dependent  on  the  performance  of  the  national  economy. 

The  .National  Water  Commission  report,  concludes  that  while 
water  resources  projects  have  had  very  significant  effects  in 
the  past  on  regional  economic  development  and  population  dis- 
tribution, their  role  has  now  greatly  diminished.  It  is  their 
judgement,  that  national  water  programs  should  continue  to 
accomodate  future  economic  and  population  growth  by  responding 
to,  rather  than  trying  to  influence  development  patterns. 

To  downgrade  the  importance  of  water  resource  management 
' tie  integral  function  of  wastewater  management,  is  not  to 
ite  that  there  are  no  effects  related  to  regional  and 
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national  goals.  The  effects  and  the  potential  effects  are 


numerous.  It  must  be  noted  that  the  potential  effects  are  far 
larger,  either  because  they  are  derivative  and  secondary  or 
because  the  particular  system  plan  did  not  develop  the  potential. 

The  contributive  or  detracting  effects  of  the  individual 
plans  are  outlined  under  the  headings  of  regional  development, 
environmental  quality,  social  well-being  and  national  develop- 
ment, following  each  plan. 

The  impacts  on  regional  development  of  Plans  A-1  and  A-2, 
are  as  follows: 

Increases  in  the  cost  of  industrial  waste  treatment. 

An  employment  of  about  2000  persons  for  operation  of 
wastewater  systems,  171  higher  for  A-2. 

An  increase  in  land  values  along  streams  in  basin  be- 
cause of  water  quality  enhancement.  The  enhance- 
ment would  be  larger  for  A-2. 

An  increase  in  land  value  in  strip  mined  areas  for 
agricultural,  recreational  use. 

A probable  increase  in  tax  base  for  both  strip  mined 
and  water  related  areas. 

An  increase  in  power  requirements  whicli  may  relate 
to  new  plant  needs,  siting  decisions  and  various 
environmental  consequences,  larger  for  A*^2. 

An  increase  in  fuel  needs,  which  may  have  national 
implications,  requiring  allocation  and  determination 
of  priorities. 

I An  increase  in  cliemical  demands,  larger  for  A-2  which 

may  have  significant  economic  effects.  Reference  is 
made  to  Attachment  G,  for  further  discussion  of  energy ^ 
fuel  and  chemical  requirements. 

Short  term  increases  in  construction  employment  which  will 
) reflect  national  increases  in  material,  equipment  and 

supply  demand. 

Increased  potential  for  meeting  other  water  and  related 
land  needs  as  developed. 
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(m)  Envi ronmenta]  Quality 

Plant  consolidation  without  redistribution  of  effluent  will 
adversely  affect  the  aquatic  ecosystem  in  the  Rocky  River. 

Plan  A- 1 does  not  meet  the  1985  goals  of  PL  92-500,  Plan 
A- 2 does. 

Plan  A-1  will  provide  a somewhat  improved  aquatic  ecosystem, 
leading  to  more  desirable  biota;  improvement  of  all  water 
uses.  Plan  A- 2 will  markedly  enhance  the  above  ajid  prol^ably 
lead  to  a reduction  of  algal  contamination. 

Plan  A-2  will  generally  meet  the  demands  of  environmental 
groups  on  water  quality.  Plan  A-1  will  not. 

Plan  A-1  and  2 will  increase  the  environmental  and  esthetic 
characteristics  of  strip  mined  land,  providing  an  increase 
in  annual  habitat  and  other  recreational  potential. 

Plan  A-2  will  increase  the  esthetic  and  recreational  potential 
of  stream  associated  land  and  lake  shore  areas.  Plan  A-1 
will  provide  less  improv'’ement . 


(n)'  Social  iVell- Being 

Reference  is  made  to  Attachment  I,  Distributive  Equity  impact 
of  a Regional  Wastewater  Treatment  System. 

With  its  limited  land  use.  Plan  A will  liave  a minor  effect 
on  social  well-being  in  the  basin,  and  none  in  outside 
areas , 

Both  plans  will  provide  some  degree  of  flood  control  througli 
stormwater  detention. 

Both  plans  will  provide  the  potential  for  recreational  develop- 
ment at  suburban  water  storage  sites  and  in  land  corridors 
along  streams.  Plan  A-2  stream  potential  is  higher  because 
of  better  water  quality. 

Regionalization  affected  by  waste  treatment  is  expected  to 
encourage  other  cooperative  arrangements  among  basin 
j ur i sd ic t ions . 

i'here  will  be  a decrease  in  disposal  income,  greater  for  A-2, 
due  to  increase  in  sewer  charges. 

Improved  water  quality  will  contril^utc  id  degiee  to  state 
I programs  in  recreation,  conservation  and  fishing  programs. 

Improved  water  quality,  greater  for  A-2,  will  benefit 
public  healtli  in  both  potalile  and  non-potable  uses. 
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(o ) National  Economic  Development 


The  short  term  construction  employment  will  have  multiple 
effects  in  industries  providing  equipment,  materials 
and  supplies. 


Power  requirements  may  impose  a requirement  for  expansion 
of  national  energy  production. 


Price  increase  in  manufactured  items  will  result  from  in- 
creased waste  treatment  costs. 


Some  national  income  gains  may  result  from  recycling  sludge 
nutrients  in  strip  mine  reclamation. 


The  potential  for  combination  of  sludges  and  selected  solid 
waste  for  methane  fuel  generation  cannot  be  dismissed. 

This  also  relates  to  national  implications  of  fuel  require- 
ments for  incineration  and  the  need  for  priority  determination 
and  an  allocation  plan. 


Reference  is 
Attachment 


made  to  discussion,  energy  and  other  resources  in 

G. 
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3 . Plan  R 

(a)  General  Description 

Plan  B is  a modification  cf  Plan  A,  with  certain  proposed 
advanced  biological  plants  being  reduced  to  secondary  plants  with 
effluent  given  land  treatment  as  the  advanced  section.  The  land 
treatment  takes  place  within  the  basin,  except  for  sludges  trans- 
mitted to  strip  mine  areas.  Thirty-one  plants  are  proposed,  inclu- 
ding nine  advanced  biological  and  twenty-two  secondary  plants, 
designated  as  aerated  lagoons. 

Stormwater  treatment  has  reen  divided  among  the  municipal 
plants  using  off-peak  capacity,  advanced  stormwater  treatment 
plants  and  46  separate  stormwater  land  treatment  sites.  Sludge 
disposal  is  similar  to  Plan  A and  includes  incineration  and  appli- 
cation to  agricultural  and  stripmined  lands. 

Plan  B reduces  the  regionalization  evident  in  Plan  A,  replac- 
ing the  one  plant  in  the  Upper  Rocky  River  Basin  with  six  secondary 
plants , 

lb)  Ecological  Considerations 

Reference  is  made  to  the  Ecological  Analysis  beginning  on 
page  429. 

(c)  Resource  Demands 

The  power  required  in  Plan  B will  equal  2,153  megawatt  hours 
by  2020,  at  a current  cost  of  $26,051.00  per  day.  Chemical  require- 
ments, including  chlorine,  al.im,  polymers,  lime  and  methanol  would 
total  900,200  pounds  per  day.  The  environmental  and  economic  factors 
in  resource  demands  are  discussed  in  Attacl'Bcnt  G. 
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(d)  Reliability 

Plan  B combines  a Level  Two  water-based  treatment  with  an 


increment  of  land  treatment  in  the  upper  basins.  Reference  is 
made  to  page  320-321  for  discussion  of  the  reliability  of  ad- 
vanced biological  treatment  and  the  untested  procedure  of 
treating  stormwater  runoff  in  slack  periods  of  municipal  treat- 
ment. There  are  questions  about  the  capability  of  large  scale 
physical-chemical  plants  to  meet  the  required  standards  con- 
sistently, since  experience  is  lacking.  System  failure,  in 
water  based  treatment,  results  in  the  release  of  untreated 
wastes  to  water.  In  this  system,  the  multiple  plant  operation 
and  the  land  treatment  increment  have  spread  the  risk  considerably. 

With  reference  to  the  land  treatment  section,  attention  is 
directed  to  the  discussion  of  aerated  lagoons  in  Attachment  J. 

The  ability  of  the  aerated  lagoon  to  produce  secondary  quality 
effluent  under  all  conditions,  few  of  which -are  under  control  of 
the  operator,  is  open  to  question.  Both  tlie  scale  and  the 
design  pattern  are  untested  and  attract  little  confidenccj 
since  the  "science”  and  design  parameters  of  aerated  lagoons 
are  still  largely  empirical. 

(e)  Land  Use  Changes 

Plan  B emphasizes  water  disposal  in  a combined  land/water 
treatment  system,  with  land  requirements  confined  to  the  basin. 

The  acreage  required  for  water-based  municipal  and  stormwater 
treatment  approximates  2800  acres.  Land  will  be  required,  in 
addition,  for  aerated  lagoons,  treatment  areas^  and  winter 
storage.  At  the  2020  flow  rate,  and  based  on  conservative  appli- 
cation rates  (5  feet  per  year)  and  a 22  week  winter  storage 
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period,  the  total  land  area  needed  would  be  28,000  acres.  Lesser 
land  areas,  as  indicated  in  the  plans,  will  require  a shortened 
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rates,  which  may  well  eliminate  the  potential  for  conventional 
agriculture  or  even  for  public  access,  considering  the  soils 
in  the  basin.  The  advantages  of  high  rate  application  must 
be  compared  to  the  advantages  of  multipurpose  uses  that  other- 
wide might  exist. 

f . Public/Political  Perceptions 

The  establishment  of  land  treatment  areas  within  the  basin  for 
the  treatment  and  recycling  of  wastewater  is  considered  essential 
to  the  success  of  further  expansion  to  wider  agricultural  lands. 

This  being  the  case,  the  gradual  involvement  of  land  proposed  in 

Plan  B seems  appropriate.  Land  treatment  techniques  that  inhibit 
I multiple  use,  that  require  extensive  government  ownership,  or  that 

i present  negative  visual  images  are  unlikely  to  receive  whole  hearted 

support . 

Preservation  and  enhancement  of  agricultural  land  from  develop- 
ment and  for  agricultural  production  will  be  viewed  favorably.  Multi- 
purpose techniques  retaining  the  pattern  of  family  farms  to  the 
extent  possible,  are  both  to  be  preferred  to  single  purpose  operations. 

I (g)  Flexibility 

The  combination  plan  exhibits  the  most  flexibility  possible  in 
a Level  Two  plan,  particularly  as  it  allows  for  the  public  adiust- 
j ment  to  a change  in  the  philosophy  and  direction  of  wastewater 

management.  The  land  component  has  the  potential  for  change  to  other 
systems  or  to  changes  in  volume  of  wastewater. 
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(h)  Stormwater  Treatment 


Reference  is  made  to  this  section  on  page  302,  regarding 
treatment  of  stormwater.  The  effluent  will  be  released  locally, 
either  to  land  or  water. 

(i)  Hydrologic  Effects 

No  significant  hydrologic  effects  are  anticipated  under  this 
plan.  Flow  augmentation  is  practiced  and  detention  storage  will 
control  flooding. 

(j ) Residuals 

The  residuals  from  Plan  B will  include  about  548  dry  tons  of 
sludge  by  the  year  2020  from  municipal  plants,  sludge  from  stormwater 
collection  basins,  and  sludge  from  aerated  lagoons. 

(k)  Disposal  Methods 

Until  1990  approximately  70%  of  the  available  sludge  will  be 
incinerated,  about  21  will  be  sent  to  reclaim  stripmined  land  and  the 
rest  will  be  applied  to  agricultural  land.  From  an  environmental 
point  of  view,  incineration  should  be  phased  out  as  rapidly  as 
possible  . 

(1)  Regional  Development 

Reference  is  made  to  the  preliminary  remarks  under  Regional 
Development  on  page  450,  which  indicates  the  limited  influence  of 
water  resources  development  on  the  region.  There  are,  however, 
specific  impacts  which  are  authored  under  the  lieadings  of  regional 

development,  environmental  quality,  social  well-being  and  national 
development . 
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The  impacts  on  regional  development  of  Plan  B are  as  follows 

Increases  in  the  cost  of  industrial  waste  treatment. 

An  employment  of  about  22(U)  pi'isoiis  for  operation  o I'  the 
wastewater  management  system. 

Short  term  increases  in  construction  employment  which  w'ill 
be  reflected  in  national  increases  in  production  of 
equipment,  materials  and  supplies. 

An  increase  in  land  values  along  streams  enhanced  by  water 
quality  improvement. 

An  increase  in  the  tax  base  for  water  related  land  areas. 

An  opportunity  for  land  reclamation  is  lost,  as  only  2% 
of  sludges  are  assigned  for  reclamation  of  strip  mined 
areas . 

A potential  exists  for  increasing  crop  and  possibly 
beef  or  other  livestock  production  in  tlic  basin. 

Underdrainage  and  irrigation  will  increase  crop  pro- 
duction even  in  wetter  years. 

Increases  the  potential  for  retention  of  agricultural 
land  in  production,  and  provides  resistance  to  develop- 
ment . 

Increases  potential  fuel  requirements  for  incineration 
and  for  drying  crops  grown  in  basin.  fuel  demand  may 
have  national  implications,  with  requirement  for 
priorities  and  allocations. 

An  increase  in  power  requirements  wliicli  may  relate  to 
new  plant  needs,  siting  decisions^  and  various  environ- 
mental consequences. 

Potential  net  income  gain  on  farms  in  basin. 

An  increase  in  chemical  demands  for  wastewater  treatment 
which  may  have  significant  economic  effects.  Reference 
is  made  to  Attachment  t]  for  further  discussion  of 
energy,  fuel^and  chemical  requirements. 

(m)  linvi  ronmeii  ta  1 Quality 

Increases  potential  for  retention  of  open  land  in  basin. 

Will  enhance  the  esthetic  quality  and  recreational  potential 
of  streams  and  water  related  land  and  shore  areas. 

Will  enhance  tlie  quality  of  the  aquatic  ecosystem,  encourage 
tiiore  desirable  species,  improve  all  water  uses  and  lead 
to  improvements  in  hake  f.rie  including  algal  reduction. 


Limits  the  opportunity  to  improve  the  environmental  and  esthetic 
quality  of  strip-mined  land. 

Will  generally  meet  water  quality  demands  of  environmental 
publics . 

Has  a potential  for  change  in  the  basin  water  balance,  due 
to  increase  in  evapo- transpiration  and  control  of  the 
ground  water  table. 

Has  a potential  for  increase  in  wildlife  habitat  areas  near 
water  storage  ponds  and  for  wildlife  increase  due  to  water 
related  food  improvement. 

(n)  Social  Well-Being 

Has  undeveloped  potential  for  recreational  development  asso- 
ciated with  stormwater  retention  basins  and  in  land 
corridors  along  streams.  Potential  also  lost  in  strip- 
mined  areas . 

Enhancement  of  existing  water-based  recreation. 

Decrease  in  disposable  income  based  on  the  increase  in 
sewage  charges . 

May  contribute  to  state  program  development  in  recreation, 
fishing  and  conservation  goals. 

Some  degree  of  flood  control  provided  through  stormwater 
detention. 

Regionalization  effected  for  waste  treatment  will  encourage 
other  cooperative  arrangements  among  basin  jurisdictions. 

There  will  be  concern  over  socio-economic  effects  related  to 
long  term  agricultural  requirements,  changes  in  current 
farming  practices^  and  life  styles. 

Anxiety,  related  to  government  acquisition,  use,  or  other 
conversion  of  local  resources,  particularly  when  related 
to  "them"  - the  metropolitan  problem. 

High  rate  applications  may  require  complete  change  in  crops  and 
community  patterns  and  could  prevent  public  access  by  a 
wet  or  otherwise  unpleasant  environment. 

Reference  is  made  to  Attachment  I,  Distributive  Equity  Impact 
of  a Regional  Wastewater  Treatment  System. 

Improved  water  quality  will  benefit  public  health  for  potable 
and  non-potable  purposes. 


(o)  National  Economic  Development 

The  short  term  construction  will  have  national  effects  in 
industries  supplying  equipment  and  materials. 

Price  increase  in  manufactured  items  will  result  from  in- 
creased waste  treatment  cost. 

The  potential  for  use  of  sludges  or  sludges  combined  with 
selected  solid  waste  for  bacterial  production  of  methane 
fuel  may  become  a reality  within  the  time  phasing  for 
construction.  This  also  relates  to  the  national  impli- 
cations of  fuel  requirements  for  incineration. 

Reference  is  made  to  the  discussion  on  energy  and  resource 
availability  in  Attachment  G. 

The  national  concern  for  increased  food  production  to  reduce 
the  balance  of  payments  and  to  aid  in  U.S.  foreign  policy 
"detente"  may  be  the  strongest  national  relationship  witli 
land  treatment  in  the  ne.xt  few  years.  Crop  production  will 
be  accommodated  to  national  needs  rather  than  single  purpose 
sewage  treatment. 

Plan  B meets  the  requirements  of  Public  Law  92-500. 
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4 . Plan  C 


(a)  General  Description 

Plan  C is  a combination  plan  with  almost  total  emphasis  on 
land  treatment  at  its  final  phasing  in  the  year  2000.  Due  to 
delays  in  the  construction  of  an  effluent  tunnel  to  North  Central 
Ohio,  the  system  begins  with  eight  advanced  biological  plants  in 
the  lower  basin,  shoreline  areas,  an  advanced  biological  plant  at 
Akron,  and  twenty-three  aerated  lagoon/land  treatment  facilities 
in  the  upper  basins.  The  effluent  tunnel  is  expected  to  be 
completed  in  1985  to  transmit  major  amounts  of  sanitary  and  storm- 
water wastes  to  aerated  lagoons  in  the  "Western"  Land  Treatment 
area.  The  tertiary  water-based  plants,  meeting  Level  Two  require- 
ments, could  be  phased  out  between  1985  and  2000.  The  Akron  plant 
would  remain  as  an  advanced  biological  plant,  providing  flow 
augmeitation  to  the  lower  Cuyahoga. 

Eventually,  09%  of  sanitary  sewage  and  551  of  stornwater  run- 
off would  be  transported  to  a single  land  treatment  site  in  North 
Central  Ohio.  The  site  covers  about  180  square  miles  at  the 
juncture  of  Crawford,  Huron,  Richland^and  Seneca  Counties. 

Stormwater  treatment  would  be  at  the  western  land  site  by 
in-basin  aerated  lagoons,  by  advanced  stormwater  treatment  plants_^ 
and  in  combination  at  the  Akron  plant. 

Sludge  disposal  will  be  accomplished  by  incineration  and 
direct  application  from  aerated  lagoons  to  agricultural  land  or 
other  land  treatment  areas.  Over  bOo  of  sludges  will  he  incinerated 
through  1990.  No  concern  is  given  to  strip  mine  reclamations. 
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( b ) Ecological  Char ac ter  is  tics 

Reference  is  made  to  the  ecological  analysis  beginning  on 
page  427. 

(c)  Resource  Demands 

The  energy  requirements  for  Plan  C in  the  year  2020,  are 
approximately  2.5  times  the  requirements  for  Plan  A.  The  principal 
demand  is  occasioned  by  the  t^quirement  for  pumping  of  effluent  from 
the  tunnel  and  for  constant  aeration  in  lagoon  treatment.  While  not 
envisioned  by  this  report,  some  consideration  should  be  given 
to  a tunnel  size  that  would  allow  storage  on  grade  during  hours 
of  peak  energy  demand,  pumping  only  in  off-peak  hours.  The  inte- 
gration of  the  tunnel  Into  a pumped  power  system  should  also  be 
investigated.  Chemical  requirements  for  Plan  C are  about  one-half 
of  that  for  the  other  plans. 

(d)  Reliahi 1 i ty 

Reference  is  made  to  the  discussion  on  aerated  lagoons  in 
Attachment  J and  to  the  rc  1 iali  i 1 i ty  section  of  Plan  12  on  page 
375.  As  in  Plan  12,  Plan  C introduces  a number  of  innovative 
techniques  and  combinations  tliereof.  Unfortunately,  there  is  little 
reported  experience  to  confirm  the  reliability  or  the  efficiency  of 
some  of  these  techniques.  Indeed,  there  are  some  expert  contrary 
opinions. 

( 

Among  the  questionable  techniques  are  the  transmission  of  raw  ' 

sewage,  the  use  of  aerated  lagoons  to  achieve  secondary  effluent 
quality  without  acknowledging  the  necessity  for  extreme  flexibility 
in  this  climate,  and  tlie  use  of  high  rate  effluent  applications  in 
an  overland  runoff  infiltration  technique.  fhe  transmission  of  raw 
sewage  over  long  distances  can  create  conditions  inimical  to  the 
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pipe  structure.  The  high  BOD  temperature  and  the  long  travel  time 
can  create  septic  conditions  leading  to  sulfide  evolution  in 
addition  to  the  obvious  sulfate  corrosion.  The  effect  of  these 
products  when  discharged  needs  the  consideration  and  the  reliability 
of  a single  tunnel  and  pumping  arrangements  under  these  circum- 
stances must  be  questioned.  The  lack  of  alternatives  to  dumping 
raw  sewage  in  the  lake  in  the  case  of  transmission  failure  is 
unfortunate . 

Ihe  aerated  lagoon  is  discussed  at  length  in  Attachment  J, 
but  the  known  inability  to  control  the  quality  of  the  effluent, 
the  unusual  sizes,  depths  and  sequence  of  the  lagoon  system,  the 
adequacy  of  a slow  speed  aeration  system  given  the  dimensions  and 
an  established  holding  period,  and  the  influence  of  temperature  on 
holding  times  all  need  further  checking. 

The  efficacy  of  high  rate  applications  of  effluent  by  an 
overland  runo f f/infiltration  technique  is  seriously  questioned 
by  members  of  the  evaluation  team.  The  proposed  application 
of  90-150  inches  per  year  to  Mahoning-hllsworth  soils  would 
require  tliat  the  land  be  publicly  owned  open  space.  If  tlie  effluent 
rate  is  too  high  for  irrigation,  continued  wetness  and  odor  would 
bar  public  use  and  require  increased  acreage  for  lower  application 
rates.  Such  acreage  is  not  available. 

(e)  Land  Use  Changes 

Plan  C has  attempted  to  maximize  the  land  treatment  in-basin 
and  even  with  use  of  high  rate  application  will  require  over 
38,000  acres.  About  160,000  acres  will  be  required  for  treatment, 
storage,  and  irrigation  at  the  westeni  land  site.  The  single- 
minded  cost  orientation  of  the  enclave  concept  in  this  western  area 
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is  discussed  in  tlie  final  section  of  this  report,  l)ut  it  will 
obviously  be  highly  disruptive  of  community  1 i , individual  homes 
and  farms,  the  agricultural  pattern, and  the  tax  base  of  the  area 
concerned. 

(.  f ) Publ  ic/l’ol  i ti  cal  Percept  ions 

If  a plan  were  to  be  calculated  to  create  tlie  maximum  of  public 
resentment  and  intrans igenco , it  would  have  to  incorporate  many  of 
the  features  of  Plan  C.  '('his  is  highly  unfortunate  since  the  earl\’ 
acceptance  of  wastewater  recycling  and  the  use  of  waste  nutrients 
in  agricultural  production  has  suddenly  become  of  critical  i :r.po  it  rmce 
to  the  United  states.  Agricultural  productivity  is  a critical 
factor  in  tlie  ma  i n tenance  of  a reasonable  balance  of  payments,  an 
element  in  our  current  foreign  affairs  policy  of  "detente",  and 
a coun te r- i n f la t i ona ry  element  at  home. 

The  transmission  of  raw  sewage,  the  use  of  aerated  lagoons 
exclusively,  the  disruption  of  current  patterns  of  farming  and 
country  life,  tiie  obvious  interference  of  "big  government",  all 
have  alternate  measures  that  would  preserve  a lower  public  pro- 
file, avoid  an  instinctive  antagonism,  and  at  least  afford  an 
opportunity  for  the  discussion  of  a major  land  jilan  on  its  merits.. 
The  cost  effectiveness  of  a non-acceptable  plan  is  zero  and  it 
remains  to  be  seen  whether  acceptable  alternates  would  make  a 
great  deal  of  difference  in  cost. 

It  is  true  that  the  out-of-basin  transmission  will  run  into 
major  problems  of  political  accomodation  and  admi n i s trati ve 
coordination.  ilowover,  given  the  appropriate  climate,  these 
problems  can  be  overcome.  for  further  discussion  of  source  of  the 
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problems  of  acceptance,  attention  is  directed  to  Attacliment  H, 
Political  Acceptance  of  Innovation. 

(g)  Flexibility 

The  development  of  water  based  treatment  which  is  then  phased 
out  when  the  effluent  tunnel  is  completed,  seems  an  unnecessary 
rigidity.  The  retention  of  these  plants  as  secondary  treatment 
plants  would  retain  the  conservational  aspects  while  reducing  land 
use.  There  is  no  requirement  for  all  secondary  treatment  to  be 
conducted  in  aerated  lagoons  and  there  are  excellent  reasons  against 
i t . 

(h)  Stormwater  Treatment 

Reference  is  made  to  the  discussion  of  treatment  levels  on 
page  302.  While  the  efficacy  of  land  treatment  is  unquestioned, 
the  lack  of  reuse  options  for  treated  stormwater,  cither  in  a 
recreational  sense  or  otherwise,  represents  a deficiency. 

( i ) Hydrologic  Effects 

The  hydrologic  effects  in  the  western  streams,  noted  in 
other  land  plan  alternates  previously  discussed,  are  mitigated  in 
some  degree  by  the  reduction  in  inter-basin  transfer  afforded  by 
the  retention  of  water-based  treatment  at  Akron  and  extensive  land 
treatment  in  the  upper  basins.  The  use  of  major  additional  areas 
of  the  Rocky  and  Cuyahoga  Basins  for  land  application  will  eliminate 
many  low- flow  problems  caused  by  other  all-land  plans.  However, 
the  transfer  of  the  flow  from  the  Southerly  plant  may  create  the 
effect  of  an  estuary  in  the  navigational  channel  of  tlie  lower  Cuy- 
ahoga . 
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I'lu'  h vil  lo  1 ov;  u'  ilU'its  in  t lu‘  north  ii'iitinl  river  h.isins  ;ire 
due  to  the  introduction  of  excess  water  and  the  drainage  oi  large 
areas  of  land.  The  effect  of  drainage  will  he  to  lower  the  water 
table  by  accelerating  the  draw-down  of  the  normal  supply.  The 
impact  of  return  flow  from  irrigation  would  be  to  increase  dis- 
charge to  local  streams.  fhe  maximum  potential  return  flow  is 
never  greater  than  15 » of  the  mean  annual  flood.  The  used  up- 
ground  reservoirs  as  contemplated  in  the  Northwest  Ohio  Water 
Development  Plan  and  the  release  of  water  during  low-flow  periods 
would  ease  tlie  problem  considerably  and  would  be  a factor  in  re- 
ducing the  erosion  and  >;cdimentation  otherwise  predicted. 

An  interbasin  water  transfer  requires  the  physical  trans- 
p'>rtation  of  water  out  of  one  river  basin  into  another.  The 
water  one  area  gains,  another  area  loses.  In  most  instances, 
the  transfer  of  a precious  natural  resource,  water,  is  looked 
upon  witli  some  apprehension  on  the  one  hand  and  appreciation  on 
tlie  otlier.  In  the  present  case,  both  the  Three  Rivers  basin 
and  the  North  Central  basins  are  not  water  short  areas.  The 
advantage  in  transfer  for  the  North  Central  area  lies  in  the 
nutrient  content  of  the  effluent  and  the  fact  that  free  drain- 
age is  offered  as  part  of  the  bargain,  in  an  area  that  typically 
has  drainage  problems. 

While  the  State  of  Ohio  historically  recognizes  the  riparian 
doctrine  there  has  been  no  interference  with  reasonable  use. 
fhere  is  apparently  no  published  information  on  state  policy 
in  this  regard,  and  a recent  investigation  has  failed  to  reveal 
anv  firm  body  of  legal  opinion.  In  practice,  there  are  a number 


instances  where  a community  establishes  a reservoir  in  one  water- 
shed and  discharges  wastewater  to  another  basin.  Such  situations 
are  recognized  and  even  founded  by  the  State  so  there  is  apparently 
no  legal  obstacle  to  the  interbasin  transfer  of  water  or  in  this 
case  - wastewater. 

(j ) Residuals 

The  residuals  in  Plan  C will  eventually  be  reduced  from  about 
318  dry  tons  per  day  to  about  244  tons  from  the  Akron  plant  and 
other  in-basin  treatment.  Sludges  from  the  facultative  lagoons 
are  not  quantified  and  are  scheduled  to  be  removed  hydraulically 
and  spread  on  agricultural  land  after  chlorination.  Since  high 
quality  effluents  can  only  be  produced  if  microbial  solids  are 
removed,  since  no  process  step  is  proposed  for  this  nor  for 
algal  removal,  either  in  the  facultative  pond  or  prior  to  storage, 
the  reuse  of  the  effluent  for  cooling  water  or  other  purpose, 
and  the  fate  of  organic  solids  on  agricultural  land  remains  some- 
what uncertain. 

(k)  Disposal  Methods 

While  conservational  methods  of  disposal  will  eventually  be 
applied,  the  incineration  of  60°»  of  the  sludges  through  1990  seems 
an  unwarranted  loss  of  resources. 

(l)  Regional  Development 


Reference  is  made  to  the  preliminary  remarks  under  regional 
development  on  page  450,  which  indicate  the  limited  influence  of 
water  resources  development  on  the  region.  There  are,  however, 
specific  impacts  which  are  outlined  under  the  headings  of  regional 
development,  environmental  quality,  social  well-being  and  national 
development . 
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riie  impacts  on  regional  Jove  lopiiient  of  I’ian  11  ai'O  as  lollows; 
Increases  in  t lie  cost  ol'  iiulus  trial  wastewater  treatment. 


An  emp  1 ovmen  t of  about  1701)  persons  in  operation  o 1'  the 
w a s t ew a t e r s y s tern . 

j 

Short-term  increases  in  construction  employment  possibly 
multiplied  by  local  production  of  materials,  equijiment  and 
supji  Lies. 

An  increase  in  land  values  along  shores  enhanced  by  water 
tjuality  improvement. 

An  opportunity  for  land  reclamation  is  lost  as  sludges  are 

incinerated  and  none  are  scheduled  for  strip  mine  application. 

\ potential  exists  for  increasing  crop  and  livestock  pro- 
duction ol'  a vital  nature. 

A potential  exists  for  a net  gain  in  farm  income.  Under- 
drainage  and  irrigation  will  increase  growing  season  and 
yield  in  wet  years. 

Potential  is  increased  for  retention  of  prime  agricultural 
land  in  jiroduction  and  provides  resistance  to  development. 

An  increase  in  power  requirements  wliich  may  mandate  new 
plants,  siting  decisions,  fuel  and  environmental  trade- 
offs and  the  possible  need  for  priorities.  i 

Reference  is  made  to  Attachment  (i  for  discussion  of  energy, 
fuel^and  chemical  requirements. 

( m ) 1-aivi  ronmental  ilual  i tv 

Iv  i 1 1 enhance  the  quality  of  the  aciuatic  ecosystem,  encouraging 
more  desirable  species,  improving  all  water  uses,  reducing 
algal  growth. 

Increases  potential  for  retention  of  open  space  in  basin. 

IVi  1 1 enhance  the  esthetic  quality  and  wa t e r- re  1 a t ed  land  ' 

areas,  eventually  extending  the  same  process  to  Lake  brie.  i 

Provides  major  inter-conversion  from  land  to  water  systems,  i 

charging  the  ecosystem,  developing  possible  nuisance 
factors,  insects  etc. 

Rejects  the  opportunity  to  reclaim  strip  mines  land. 

Will  meet  water  (luality  goals  of  P.L.  92-3U0  and  environmental 
groups . 

lixhibits  potential  for  change  in  area  water  balance  with  in- 
creased evapo- t ranspi rat i ons  and  lowered  water  table. 
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Has  potential  for  wildlife  habitat  increase  near  water  storage 
areas;  wildlife  increase  due  to  water  related  food  improve- 
ment. 


Potential  for  power  plant  siting  at  storage  ponds  for  cooling 
will  remove  future  thermal  pollution  from  Lake  Hrie. 

(n)  Social  Well-Being 

Kxtensive  public  concern  related  to  land  acquisition,  community- 
disruption,  changes  in  current  farming  practices,  and 
family  and  farm  dislocation. 

Hxtreme  reluctance  to  commit  local  resources  to  treat  metro- 
politan waste  problem,  especially  when  forgoing  own 
desired  land  use  and  socio-economic  pattern. 

Concern  over  socio-economic  effects  of  long-term  agricultural 
commitments,  requirements. 

High  rate  applications  may  require  complete  change  in  crops, 
community  patterns  and  could  restrict  public  access  by  a 
wet  or  otherwise  unpleasant  environment. 

linhancement  of  existing  water-based  recreation. 

Undeveloped  potential  for  recreational  development  associated 

with  stormwater  retention  basins  and  land  corridors  along  streams. 

Some  degree  of  flood  control  associated  with  stormwater  detention. 

Decrease  in  disposable  income  based  on  increase  in  sewage 
changes , 

Deference  is  made  to  Attachment  I,  Distributive  Equity  of  a 
a Regional  Wastewater  Treatment  System. 

If  regionalization  can  be  effected  for  waste  treatment,  the 
potential  for  other  cooperative  arrangements  will  be 
enlianced . 

Improved  water  quality  will  lienefit  public  health  for  potable 
and  non-potable  uses. 

(o)  National  Economic  Development 

j Construction  activity  will  have  national  effect  in  industries 

I supplying  materials  and  equipment. 

( Price  increase  in  manufactured  items  will  result  from  increased 

waste  treatment  cost. 

I'lio  need  for  use  of  sludges,  or  sludge  combined  with  selected 
solid  wastes  for  biological  production  of  methane  fuel  may 
become  apparent  within  a relatively  sliort  time  frame. 

1 
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Reference  is  made  to  the  discussion  on  energy  and  resouice 
constraints  in  Attachment  (i. 

l inallv,  the  cuirent  and  develoi)ing  shortages  o 1 basic  graiii\ 
and  other  exportable  food  items,  due  to  the  need  to  reduce 
the  balance  of  payments  and  to  aid  in  the  U.S.  foreign  police 
of  "detente"  may  provide  the  strongest  encouragement  for  iantl 
treatment  as  an  adjunct  to  production  within  the  near  future. 
A reorientation  of  FUan  C to  support  farm  production,  rather 
than  the  present  subordination  of  agricultural  needs  to 
wastewater  will  undoubtedly  prove  more  successful. 
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IX.  SUMMARY  AND  CONCLUS  I ONIS 


It  brcami.'  obvious  in  tlio  early  staj^os  of  tiie  project  tliat  llie 
management  of  wastewater  was  inseparable  from  the  management  ol 
water  resources  generally  and  that  this  in  turn  was  inseparable 
from  environmental  management  in  its  broadest  context.  As  our 
rcsearcli  was  conducted  into  various  aspects  of  waste  management 
we  found  man>’  interrelationships  or  Indications  that  current  water 
problems  can  be  solved  only  through  proper  management  of  other 
natural  resources  and  the  control  of  environmental  insults  that 
might  appear  to  be  far  removed  from  water  concerns. 

linv i ronmenta  I management  in  the  past  has  been  compartmentalized 
into  such  areas  as  forest  management,  stream  management,  farm  manage- 
ment, air  management  and  numerous  others.  Such  division  of  labor 
may  be  administratively  useful  but,  if  carried  too  far,  the  bio- 
sphere will  suffer  tlie  consequences  of  optimization  within  narrow- 
sectorial  limits.  In  many  respects  tlic  water  and  other  portions 
of  the  watershed  ecosystem  are  very  elastic  and  many  human  practices 
can  be  accommodated  without  irreparable  damage.  On  the  otlier 
hand  tliere  arc  practices  and  usages  that  are  potentially  dangerous 
because  of  our  ignorance  or  disregard  of  the  tolerance  limits  of 
the  ecosystem. 

It  is  obvious  that  change  occurs  within  ecosystems  in  many 
ways.  Hut  the  consequences  of  change  will  depend  on  what  is  demanded 
from  the  system.  It  is  essential  that  man  concern  himself  with  all 
resource  production  and  its  leliability  and  not  just  selective 
aspects.  Population  pressures  and  the  energy  use  per  cajiita  limit 
the  amount  of  maneuverability  in  resource  use.  The  United  States 
as  well  as  other  "developed"  countries  have  grown  at  the  expense  of 


''underdeveloped"  countries.  But  the  limitations  of  resources  make 
it  totally  impossible  to  apply  our  present  economic  strategy  to  the 
rest  of  the  world.  A Michigan  State  study  cites  the  salmon  fishery- 
hydroelectric  power  conflict  for  the  West  Coast  as  an  obvious 
example  of  the  problems  generated  by  poorly  integrated  management 
of  resources.  The  generation  of  power  has  interfered  with  the  return 
of  another  resource,  a high,  sustained  salmon  yield.  Our  concern 
in  this  project  as  well^must  be  to  avoid  maximizing  the  use  of  a 
particular  resource  or  single  component  of  an  ecosystem  since  this 
will  inevitably  create  some  degree  of  instability  within  other 
components  of  the  system. 

Without  dwelling  at  length  upon  the  agricultural  impacts  and 
implications  of  Plan  C it  may  be  indicated  that  this  country  has 
developed  great  economic  efficiency  in  crop  production  through 
concentration  on  a few  limited  species,  - corn  and  wheat  for  example. 
Tlie 't  f f iciency"  of  this  productivity  is  the  result  of  a tremendous 
energy  cost  which  includes  the  stabilization  of  pest  outbreaks, 
tlie  watering  of  crops,  the  mining  and  supplying  of  nutrients  to 
tlie  soil,  the  fabrication  of  farm  machinery  and  the  utilization  of 
major  amounts  of  fuel.  We  arc  only  now  beginning  to  realize  that 
this  type  of  "efficiency"  is  self-limiting ; that  there  is  a finite 
capacity  to  produce  sustained  yields  of  foods  on  the  earth  and 
only  the  length  of  time  before  we  reach  that  limit  is  in  question. 

The  documentation  of  this  particular  point  of  view  is  growing  but 
even  now  appears  incontrovertable . A particular  aspect  of  this 
problems,  previously  discussed,  is  a critical  polluting  factor  and 
a major  problem  in  wastewater  management,  as  well. 


Tlie  laiitastiu  iiKrcaso  in  t lie  rate'  of  pliospliatc  mining,  clu; 
to  ',)()()",  in  tlu-  least  all  years,  bears  witness  to  tlie  critical  impo 
tance  of  tliis  material  ley  its  use  in  agriculture  and  the  wide- 
spread use  of  detergents.  As  an  element  essential  for  life,  its 
importance  increases  in  direct  relation  to  its  low  abundance  in 
nature.  It  has  been  estimated  that  our  supply  of  phosphate  rock 
will  last  for  less  than  6U  years  at  our  current  rate  of  mining. 

Since  phosphate  compounds  are,  for  all  practical  purposes,  non- 
cyclical,  our  culture  and  economy  is  living  in  utter  disregard 
for  the  welfare  and  even  the  e.xistence  of  our  future  generations 
This  leads  to  the  conclusion  that  the  conservation  and  recycling 
of  the  nutrients  in  wastewater,  and  particularly  the  phosphates, 
is  of  overriding  importance.  The  present  practice  that  disperses 
a limited  resource  from  a readily  available  wastewater  concen- 
tration (8,000  ppb  average]  to  very  low  concentrations  in  the  lakes 
and  ocean,  where  tliey  are  essentially  unrecoverable,  should  be 
terminated  as  soon  as  possible.  /Mthough  it  is  not  part  of  this 
discuss ion^ one  is  led  to  consideration  of  the  inutility  of  the  use 
of  pl)osphates  for  detergents,  not  only  for  the  cost  that  it  imposes 
on  the  environment  and  on  wastewater  treatment,  but  for  the  relatively 
absurd  choice  that  is  being  made  between  a "whiter  white"  and  the 
extended  food  supply  of  our  children's  children. 

For  tlie  same  reasons,  we  must  regard  the  continuation  of  the 
incineration  of  sludges  produced  in  wastewater  treatment  as  counter- 
productive, not  only  liecause  of  the  loss  of  resources,  but  also 
because  ol'  the  environmental  insult  to  the  air  we  breathe,  that  is 
i currently  uncontrollable.  All  tliree  plans  must  be  criticized  in 

I proportion  to  the  amount  of  sludges  burned  and  the  maintenance  of 
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beyond  the  necessary  time  for  replacement.  While  the 


r ^ 

■i 

i 

^ tl\e  process 

, use  of  sludges  for  the  reclamation  of  stripmined  land,  whicli  has  been 

I extensively  discussed  in  this  report,  may  not  be  tlie  highest  and 

^ best  use  for  the  resources  involved,  it  represents  a conservational 

L. 

use  combined  with  a solution  of  a current  urban  problem,  until  a 
I better  application  is  discovered. 

j As  a final  comment  on  the  necessity  of  recycling  resources, 

any  treatment  process  which  result  in  chemical  combinations 
that  make  the  wastewater  resources  unavailable  for  recycling,  must 
be  downgraded. 

While  cmpliasizing  the  importance  and  necessity  of  measures 
designed  to  conserve  and  recycle  the  resources  represented  in  waste- 
water,  tlic  evaluation  group  has  significant  reservations  about  the 
' methodology  used  in  agricultural  application.  These  reservations 

R are  specifically  related  to  (1)  tlic  suggestion  that  the  soil  is  in- 

finitely capable  of  the  segregation  and  storage  of  various  heavy 
metals  and  tiiat  for  this  reason  the  land  plans  are  capable  of  elim 
inating  the  necessity  for  industrial  pretreatment ; (2)  the  applica- 
tion of  the  effluent  to  agricultural  lands  at  rates  that  appear  to 
be  beyond  the  limits  of  acceptability;  and  (3)  the  establishment 
of  a massive  enclave  in  the  center  of  four  counties  for  the  treat- 
I ment  and  land  application  of  waste,  a concept  that  appears  to  ig- 

nore, for  economic  reasons,  a series  of  social  and  environmental 
impacts  . 

I 

Heavy  Metals 

Tlic  occurrence  of  heavy  metals  in  wastewater  is  primarily  due 
to  the  disciiargcs  associated  with  various  types  of  industrial  pro- 

■ 1 
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cesses.  lioavy  metals  will  larj’.ely  be  present  in  solution  but  some 
fraction  may  be  associated  witii  organic  matter.  In  tlie  discussion 
of  earlier  land  treatment  plans,  the  presence  of  heavy  metals  in 
tJie  effluents  aiiplied  to  agricultural  soils  were  not  as  significant 
since  approximately  SOo  would  be  removed  by  the  secondary  treatment 
and  subjected  to  appropriate  disposal  with  the  sludges.  In  the 
land  applications  in  plans  B and  C,  the  secondary  treatment  is  lim- 
ited to  aerated  lagoons,  witli  1001,  of  both  effluents  and  sludges 
applied  to  agricultural  land. 

While  we  are  concerned  witii  tiie  conservation  and  recycling  of 
piiospnates  and  otiicr  nutrients  in  wastewater,  otlier  elements  and 
compounds  wliicli  are  potentially  hazardous  rather  than  a require- 
ment for  life,  also  move  througii  tne  environment.  The  world-wide 
dispersion  of  )i)T  witiiiu  a decade  is  well  documented.  Significant 
quantities  of  lead,  mercury,  radio  isotopes  and  various  organic 
toxins  arc  dispersed  tiirougii  air  and  water.  .'\s  tney  are  transported, 
it  is  well-i.nown  tiiat  part  of  tiie  biological  transport  macliinery 
is  damaged.  The  effects  are  most  often  obvious  at  the  cn;i  of  a con- 
sumer ccuiin,  as  a result  of  biological  magnification.  Various  spe- 
cies of  fisli,  sliellfish,  and  birds  liave  been  reduced  or  decimated 
as  a result.  So  far  as  is  known,  man  has  largely  escaped  injury 
from  recycling,  toxic  materials.  There  arc  exceptional  incidences, 
of  course,  iiicluding  tiie  Minimata  disease  or  mercury  poisoning  from 
fisii  ami  tiiere  arc  indications  of  antral  cancer  related  to  the  use 
of  snuff  made  from  ])lant  ingredients  tiiat  have  selectively  concen- 
trated significant  amounts  of  nickel  and  cliromiun.  Tliere  .ire  in- 
creasing in.iications  in  the  literature,  relating  tiio  incidence  of 
various  types  of  ciironic,  debilitating  disease,  to  tlie  presence  of 
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hazardous  chemicals  in  the  environment. 

Very  little  is  known,  however,  about  the  effects  of  recycling  of 
toxic  materials  on  the  micro-organisms  tliat  enable  nitrogen,  sulfur, 
and  carbon  cycles  to  continue.  Since  the  soil  biota  are  intimately 
involved  in  tlie  continuing  operation  of  the  "living  filter,"  the 
^nsregation  of  toxic  materials  over  a period  of  time  might  well  des- 
troy the  effectiveness  of  this  method.  It  is  acknowledged,  that  ex- 
tensive researcii  has  indicated  tliat  tiie  common  agricultural  crops 
grown  in  Ohio  can  tolerate  large  concentrations  of  heavy  metals  when 
applied  to  tlic  land  from  sewage  sludges  and  secondary  effluent.  How- 
ever, just  as  there  is  limited  information  on  the  survival  and  con- 
tinued effectiveness  of  soil  micro-organisms  on  such  a diet,  very 
little  research  has  been  performed  regarding  the  long-term  effect 
of  plant  transmission  of  metals  througli  the  food  chain  into  terminal 
consumer  organisms.  It  is  known  tliat  plants  can  selectively  concen- 
trate SUCH  materials. 

It  may  be  true  that  the  direct  environmental  poisoning  of  hu- 
mans that  results  from  the  discharge  of  toxic  materials  into  the  en- 
vironment is  currently  insignificant,  but  the  fact  tliat  there  liave 
been  any  cases  of  poisoning  and  death  is  an  indication  of  an  unhealthy 
environment.  It  is  our  position  that  the  disposition  of  toxic  ma- 
terials onto  the  land  represents  a continuation  of  a process  that  has 
already  been  discredited  when  applied  to  water.  There  are  apparent- 
ly only  three  options  in  addressing  the  question  of  hazardous  materials. 
We  can  continue  to  ignore  the  problem  until  it  suddenly  becomes  ob- 
vious fas,  for  instance,  the  unforeseen  problem  of  mercury  methyla- 
tion)  and  then  try  to  solve  it.  So  far,  this  has  been  an  unsuccessful 
approach.  Anotlier  tactic  might  be  to  apply  our  researcii  capability 


to  identify  liarinful  materials  aiu!  proiiiliit  their  discharjto  into  the 
environment.  i'OKevcr,  at  t!ie  rate  new  eliemicals  are  beinp  developed 
and  1 i scliaryed  into  the  environment,  it  is  liiyhly  unlikely  that  this 
approacli  can  bo  successful.  Tlierc  are  15,000  items  listed  in  the 
1072  toxic  substances  list,  and  it  has  proven  unsuccessful  for  the 
i-ood  andi  orup  Administration  witii  a relatively  more  limited  inven- 
tory of  ciidiiical  materials  to  analyze.  The  final  approach,  of  course, 
is  tc  prohibit  the  discharge  of  any  alien  material  into  tlie  environ- 
ment. i’rudence  would  indicate  the  latter  approacii  as  regards  the 
introduction  of  unlimited  industrial  waste  into  tlie  land  treatment 
s y s t em . 

From  anotiicr  ])oint  of  view,  the  invitation  to  discharge  hazar- 
dous materials  to  tlie  land  treatment  system  removes  tlie  incentive 
to  save  or  recycle  the  materials  involved  until  such  time  as  re- 
source ava  i lal)i  1 i ty  or  cost  makes  such  recovery  economically  impera- 
tive in  a world  of  finite  resources.  A Ruidine  principle  to  follow 
is  to  bepin  any  recovery  process  at  a point  where  the  material  of 
iiitcrest  is  at  its  iuRliest  concentration.  If  tiicre  is  any  likeli- 
hood ti'.at  a material  will  >10  needed  or  useful  at  some  later  time, 
it  is  foolis.h  to  disperse  it  or  dilute  it  in  t’lc  air,  or  water,  or 
on  t!iO  land.  T'.ic  recovery  cost  in  a dispersed  state  would  require 
th.e  exnenditure  of  far  more  energy,  which,  of  itself,  may  not  be 
available  at  the  time  of  need. 
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Application  Rates 


There  are  a number  of  interrelated  concerns  in  the  discussion 
of  application  rates.  One  of  the  innovative  techniques  suggested 
is  that  of  a "mini -border','  overland  runoff  system  which  relies  on 
both  overland  runoff  and  infiltration  to  treat  secondary  effluent 
at  rates  from  90  to  150  inches  per  year.  The  available  literature 
and  the  experience  of  the  evaluators  in  Ohio  gives  rise  to  questions 
regarding  the  effectiveness  of  such  high  application  rates,  particu- 
larly on  Mahoning-Ellsworth  soils.  The  mini-border  technique  re- 
quires public  ownership  of  the  land  used.  Though  it  would  provide 
open  space,  greenbelt  effects  it  would  prohibit  other  productive  use. 
Even  park  usage  might  be  limited  depending  on  the  actual  infiltration 
rate.  If  the  effluent  cannot  move  through  the  soil,  the  continued 
wetness  during  the  irrigation  period  would  restrict  public  use  and 
provide  a poor  esthetic  image.  Since  the  amount  of  acreage  required 
for  land  treatment  is  conditional  upon  the  application  rate,  any 
reduction  of  the  application  rate  necessitated  after  completion  of  a 
demonstration  project  would  cause  an  immediate  problem  regarding  the 
availability  of  alternate  soils  and  increased  acreage.  Choices  would 
have  to  be  made  which  would  effect  the  amount  of  possible  in-basin 
treatment  and  require  an  expansion  of  the  treatment  area  on  the 
agricultural  land  in  North  Central  Ohio. 

While  the  efficacy  of  overland  runoff  treatment  and  that  of  in- 
filtration have  been  demonstrated  separately,  the  effectiveness  of  the 
combined  process  is  not  presently  known.  Again,  demonstration  is 
necessary.  There  are  some  indications  in  the  literature  of  the 
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long-term  persistence  of  patliogenic  organisms  in  unsterile  sludges 
applied  to  grasslands,  as  might  be  possible  witliin  the  overland  runofl 
tecbnitiue.  A third  ciucstion  relating  to  tlie  application  rate  has  to 
do  with  continual  irrigation  by  drip  tubes.  Ibe  literature  suggests 
that  an  intermittent  drying  period  is  essential  to  avoid  the  development 
of  anaerobic  conditions  or  other  conditions  that  would  clog  the  so:l 
porosity.  While  the  use  of  aerated  lagoons  has  l^een  discussed  at  some 
length  in  an  attachment  to  this  I'Cport  and  also  in  an  analysis 
of  Flan  F , tl\e  inevitable  development  and  discharge  of  algae  from 
aerated  lagoons  raises  a question  in  regard  to  the  possible  clogging 
of  tlie  soil  and  the  effect  of  algae  in  the  distribution  and  irrigation 
equipment,  both  as  to  corrosion  and  clogging. 

fhere  is  one  final  note  relating  to  the  amount  of  water  being 
transported  to  the  western  agricultural  lands  and  its  re  1 a t i onsh  i [) 
to  the  application  rates  in  a relatively  concentrated  area.  The 
change  in  the  natural  water  flow  of  the  Sandusky  River,  for  instance, 
will  have  a considerable  effect  on  the  amount  of  erosion  and  on 
tlie  aquatic  liiota.  Many  species  of  benthic  animals  retiuire  periods 
of  low  flow  to  complete  their  life  cycles  and  the  consistent  increase 
in  stream  levels  coupled  with  a probable  increase  in  sedimentation 
from  tlie  increased  water  flow  will  have  a serious  effect  on  the 
aquatic  life  of  this  area. 

I'he  line  la v e Concep t 

The  concejit  of  locating  an  "enclave"  devoted  to  the  treatment 
of  wastewater  in  a section  where  the  lour  counties  of  Seneca,  Huron, 
Richland,  and  Crawford  meet  is  oiu'ii  to  ciuestion  on  several  counts. 
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t ransmiss ion 


We  recognize  there  are  economic  reasons  for  limiting 
lines  and  therefore  dispersal  of  the  treatment  areas,  but  this 
reliance  on  an  economic  point  of  view  ignores  a series  of  social 
and  environmental  questions.  It  would  appear  that  the  accumulation 
of  any  such  area  could  only  be  done  by  government  condemnation  and 
purchase  and  that  the  operation  and  maintenance,  including  the  agri- 
cultural aspects,  of  such  a system  could  only  be  undertaken  by  a 
government  agency.  The  effect  is  self -limiting  in  a number  of  ways. 
First  of  all,  the  enclave  concept  docs  not  provide  for  the  expansion 
of  the  area  in  any  non-disruptive  manner  should  the  concept  of 
recycling  wastewater  become  general  throughout  the  State  of  Ohio. 
Second,  the  concentration  of  such  land  for  such  single  purpose  would 
have  the  major  effect  of  dislocation  of  a large  number  of  homes 
and  family  farms,  obviate  the  concept  of  supporting  food  production 
through  the  supply  of  nutrient  materials  to  an  increasing  number  of 
farms  in  the  area,  eliminate  the  idea  and  the  cost  saving  factor  of 
contracting  with  the  private  farms  for  the  disposal  of  wastewater 
effluents  and  finally,  cover  one  of  the  most  significant  archeo- 
logical deposits  in  the  State  of  Ohio,  an  area  now  known  as  the 
Willard  Swamp. 

It  has  been  the  policy  in  the  United  States  to  encourage  the 
development  and  continuation  of  the  family  farm..  While  this  concept 
has  not  always  been  honored,  the  massive  change  in  the  farming 
patterns  of  the  area  and  the  probable  reliance  on  a single,  crop  for 
the  single  purpose  of  wastewater  treatment  ignores  the  requirement 
for  consideration  of  all  areas  of  the  greater  environment  and  may 
have  serious  effects  on  the  diversity  and  availability  of  local  food 
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supply.  In  a period  when  the  U.S.  agricultural  surplus  has  vanislied, 
witli  serious  doubts  that  it  will  even  return;  when  the  United  Nations 
declares  that  there  is  no  world  food  supply  cushion  and  tliat  all 
of  us  arc  dependent  on  current  production;  when  agrictiltural  pro- 
ducts are  the  tools  for  reduction  in  our  balance  of  payments  deficit; 
and  when  tliey  constitute  a major  factor  in  our  foreign  policy  of 
"detente"  with  fhina  and  tlie  Soviet  Union,  there  must  be  a complete 
rethinking  of  the  trade-offs  involved  between  the  economic  factors 
and  those  indicated  above. 

If  the  concept  of  the  necessity  for  long-range  conservation 
of  nutrient  materials  is  coupled  with  the  imperatives  of  national 
policy,  the  additional  transmission  costs  necessary  for  servicing 
the  current  agricultural  patterns  may  not  seem  so  great;  and  a 
way  will  be  formed  for  responding  to  any  increase  in  demand  for 
wastewater  treatment  on  the  land. 

One  final  reiterative  note  must  be  made.  Despite  the  array 
of  solutions  outlined  for  the  management  of  wastewater  in  the 
three  Rivers  Basin,  it  must  not  be  assumed  that  all  alternatives 
have  Iteen  developed  or  tliat  all  management  opportunities  iiave  been 
explored.  I'or  instance,  in  Attachment  K an  out-of-basin  alternative 
is  presented  tliat  describes  the  option  of  first  reclaiming  strip 
mined  lain!  and  then  using  the  land  for  indefinite  effluent 
ilisposal.  This  approach  obviates  a number  of  negative  factors  in 
land  use,  institutional  and  social  problems  that  bulk  so  large 
in  othei'  out-of-basin  plans,  and  could  be  extended  to  promote  new 
agricultural  p roduc t i on . 


As  indicated  elsewhere,  the  possibility  that  the  design 
wastewater  volumes  are  seriously  overestimated,  and  that  these 
in  turn  can  lead  to  significant  over  capacity  and  costs  well 
in  excess  of  necessity,  must  be  closely  examined.  For  instance, 
the  infiltration  of  ground  water  is  a major  source  of  large 
volumes  of  wastewater  flow  in  sanitary  and  combined  sewer  systems. 
It  may  average  more  than  15%  of  the  total  flow  and  peak  rates 
may  double  this.  Under  these  conditions  a separate  sanitary  sewer 
may  even  assume  the  flow  characteristics  of  a combined  sewer. 

Yet  the  condition  is  largely  correctible  using  modern  materials 
and  careful  workmanship.  The  potential  for  waste  flow  reduction 
and  the  hazards  of  wastewater  projection  are  discussed  in  Attach- 
ment C,  Analysis  of  Wastewater  Projections. 
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Arri^'ultura.l  Benorits  and  mv  ii'oninonital  Cnanres  i-icsu  1 I i n.‘' 
Prom  the  Use  ol'  Jirestod  SewatTe  Clud.:e  on  i''iold  Cinu 
An  interim  Hepert  on  A Co-lid  Kaste  bemonstra  I i on 
Project,  ilnv  ironmontal  Protect  it  n Agency,  1 ’V  J • 

Agi-icultural  Utilizatjoi;  ui~  Covearo  iM'fluent  and  Cludro: 

An  Annotated  Eibl  i (nu'apiiv  . U.C.  bept.  ol'  int crier. 
PWPCA,  January,  IJoB. 

Aiaiih-  Area  Council  ol  CovciTiments , P-an  Antonit>,  Texas. 

basin  Manaremont  lor  Water  House.  KPA,  Water  PeJJu- 
t ion  Control  Hesearcli  Cories,  .''ebi’n-iry , J'>7V. 

Avco  L'icotKinic  Cy stems  Corp.  Ctor::.  w tni*  Pollutii'-n  Iroiii 

Ih'b.an  Land  Activity.  U.C.  bop't.  ol  [nterioi-,  PVd’C-A, 
water  Pclluthi'n  C.ontroJ  iu^soarch  Cories,  July,  1 . 

[■ac  .e  L‘ i ' 1 or  ica  J Kllocl:;  ol  Ideimarv  Ireatiuont.  Plant.  I'is.- 
ciiarres  at  iii‘eifio*r  t oti.  Wa^diinrtin.  U.C.  bep ' . ol 
Interior,  PWPCA  and  Ctat.e  ol  Wasdiingt.on  Water  Pollu- 
tion Control  Coiniiii  ss  ion,  July,  1 i'/O. 

1-alloy,  .la.'iios  K.  et  al  . Uienoral  uynamics,  Cia  ton,  Ci  n:i.  ' . 
A Ct.udt-  i.’l  Plow  Reduction  and  Ireatment  o-l  waste 
WaLer  lin-in  Houseiiolds.  U.C.  lOpl.  ol  Interior, 

PWPCA,  Water  Polluti«.)n  Control  desearcli  Ceries, 
becomtior,  1 lo'l. 

ballontino,  h.  K.,  et  -ii.  Cubsurlace  Pollution  ircbrems 
in  liiL  United  Clales.  U.C.  Knv  I rontiienta  1 idadectic-. 
Agonc.v  , I'lllco  ol  Watei-  rrugi''i">s,  Applied  Tochn-  I 
i'ivision,  i''rc;Ji  Water  Pollution  Contia-1  Cectiiii. 
TechnleaJ  ..'-t.iidies  Hoport,  Ma>',  l'*'/'P. 
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ivirtr,,  II.,  -irid  J.  dmith.  ControJ  of  NItru,~en  in  waste- 
Vi,-ilcr  Li^rriueuts . Prepared  for  the  U.d.  ii^PA  iecnnc- 
Jv-hy  Iransl’er  hosign  deminar.  Chicago,  Illinois, 
h^veiiiber  ^o-jO,  i'/72. 


berg,  leralu.  Viruses  in  Wastes.  Rpnuvateu  and  Otner 

A'a  tors--I  ;71  Literature  Abstracts.  National  hnvir- 
uaa.entai  Hesearch  Center,  Cincinnati,  Ohio,  1971. 

b Lbi  i c rraptiv  et  Water  Jualitv  Kesearcii  Keborts.  CPA, 

LiTlce  ot  Research  anu  Monitoring,  Water  Pollution 
Clntrol  Research  deries,  March,  1972* 

black  a Veatcii,  Consulting  engineers  (Kansas  City,  Mo.). 
Process  Lesign  Manual  lor  Piiosphurus  Removal.  Pre- 
pared lor  U.d.  Environmental  Protection  Agenc;/ , 
Itcniiolcgy  Iransfer  Program,  October,  lo71  • 

broun  o Caldwell,  Consulting  engineers.  Uiair.adim:  LaiTOons. 
Prepared  ter  the  lechnology  Iranster  Resign  deminar, 
mPA.  nenver,  Colorado,  Uctober  jl-November  1,  1972. 

;•  runner,  Uirck,  et  al.  Ci^.sia;':  ^uen  Luii^ps.  EPA,  dolid 
Waste  Management  Cttice,  19/1. 

rurns  ani  R^e , Inc.  (iradell,  N.  J.).  Pxw.  cess  Uesisn 

■’lanusii  tor  duspended  dclids  Removal.  EPA,  leclmo- 
lugy  Iranster  Pregram,  October,  1971* 

o'nampiin,  Robert  L.  (sept,  ct  Civil  Engineer Ing , University 
ot  Wyoming).  duPDlementarv  Aeration  ot  Laroons  in 
Ri serous  Climate  Areas.  EPA,  Water  Pollution  Control 
Researcii  Series,  October,  1971. 

Clean  Wn tei'-- It ' s Up  io  il  u.  U.d.  Kept,  c;!  Interior, 

EWPCA,  1970. 


Collins,  Ralph  P.  (biological  dciences  Croup,  University 
ot  Connecticut).  A Microbi L-lorical  durvee  in  Lake 
mrie  Near  Cleveland.  Ohio.  EPA,  Water  Pollution 
Control  Researcl;  deries,  Uctober,  19/1. 

Comblnea  dewer  Overti. w Abatement  Alternatives . o PA , 

Water  Pollution  Control  Research  deries,  August,  19/0. 

Conneliy,  John  A.,  ana  dandra  E.  dtainback.  dsiiu  ■•■asle 

Mafri/ement --Abstracts  Prom  the  Liter-,  tui’e . :'1’A,  1971. 


Pii'a  h.  I’hvs  Lc-U -OLomical  'ire.-^tiuont  PlnriL  i)Q 
t p:irea  for  EFA , Iccimology  Trnnsfi.'r  3eiiiiri;u'. 

Y.  rk,  Fob.  2'J-Mnroti  2,  1972. 


H.'iau-','..  Jcntrol  oi'  Nllroi?eri  in  irest::.-  at., 

a F A ; j ) c’  1 • 

ii.-ii'vnru  W-Uoi'  i’rogr.-;::. , Hnrv;<ru  Uaiver:;)  ity  . a-aaL::.  irn 

I.' I'  vx'ater  Juuplv  'uaa  Juolll,'.  ra'A,  WnLcr  reliuticn 
Control  Resenrcii  Series,  L'‘ebrunr\-,  i:^va. 

Hn.-en  •‘.na  Snv.yer,  engineers.  Urar^ialm:  axlstlnr  Wrtstc- 
watez-  ireatinent  Facilities:  Case  Hlslorlos  ut‘  rio- 

li.  .-’leal  Process  Modirication.  Proparezi  i\  r lecimc- 
Iz'g.V  Trc-insfer  Design  Cemin:u'.  nPA.  Ci.icngt.  , illirzcis, 
ikvember  jtS-jU, 

Hyaivse  icrun’' , I nr.  ine  buPaCt  cl’  Cilv  Maturiais  ^n  Active  tea 
Cludae  Svsteins. . aPA,  Maron, 


Ins t Ltn ticnal  Arrangement,' 


r Jualitv  Man.agement 
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Minneapo  1 i s - Saint  I’aul  Sanitary  District.  Dispatcliing  System 

for  Control  of  Combined  Sewer  Losses . “tl’A , Water  Pollution 
L’Tontrol  Research  Series,  March,  1971. 

Missouri  Sasin  l.ngincering  Health  Council.  Waste  Treatment 

Lagoons - -State  of  the  Art.  LPA,  Water  Pollution  control 
Researcii  Series,  July,  l9  71 . 

Municipal  Waste  facilities  in  the  United  States - -Statis tical 
Summary , 19 b 8 1 nventory . U. S . Department  of  Interior, 

FTVTCA,  I9(7TT. 

;«ational  Association  of  Counties  Research  foundation.  Urban 
Soil  Lrosion  and  Sediment  Control.  U.S.  Department  of 
Interior , lAvT’CA,  May,  19  70. 

ihe  Aational  Cround  Water  Quality  Symposium.  U.S.  LPA,  Aug- 

enrtr;— HttjT-; 

National  Lnvi roniricntal  Research  Center,  Advanced  Waste  Treat- 
ment Research  Laboratory,  Ofice  of  Research  and  Monitoring 
Cincinnati,  Of.io.  P.hysical -Chemical  Processes.  Prepared 
for  the  Tecnnology  TransieT  I'esign  Seminar,  EPA,  Pittsburgh, 
Pa.,  August  29-51,  1972. 

National  id, vironmental  Research  Center,  Waste  Treatment  Research 
Laboratory,  Office  of  Researcii  and  Monitoring,  Cincinnati, 
Oliio.  Upgrading  Lxi sting  Wastewater  Treatment  Plants. 
I’repared  tor  the  lechnology  Transfer  Design  Seminar,  LPA, 
l.tiicago,  Illinois,  Novemtier  23-50  , 197  2 . 

-V  New  l;ra  for  America's  Waters.  U.S.  Dept,  of  Interior,  fW'PCA, 

— 19tT3-. 


Nitrogen  i;emoval  from  Wastewaters.  federal  Water  Quality  Admini- 
stration, Cincinnati , Ohio,  Advanced  Waste  Treatment  Re- 
search Laboratory,  October,  1970. 

O'Neal,  Cary,  and  Jack  Sceva.  'flic  Lffects  of  Dredkini,  on  Water 
Quality  in  tlic  Northwest.  LPA,  Office  of  Water  I'rograms  , 
Region  X , July,  1971. 

Oxyg cn  Regeneration  of  Polluted  Rivers:  Ihe  Passaic  River . 

LPA,  W'ater  I’ollution  Control  Research  Series,  March, 

1971 . 

A Primer  on  Wastewater  Treatment.  U.S.  Dept,  of  Interior, 
rwT(!A , October,  1969. 

A Primer  on  Waste  Water  Treatment.  LPA.  Water  Uualitv  Office. 
March,“r!J7T: 


Uroceedinijs  of  Animal  Waste  Management  Conference.  U . S . Dept. 

or  Tnteri'orTTWTCS  , MlS56Url  Basin  RcrgttJTn Kansas  City, 

Mo.,  February,  1969. 

Proceedings  of  the  International  Symposium  on  Water  Pollution 
ConTToT' Tn “C 51  cT ClTmn re s" . — Sp-on50Tcrd~by~ ttic— l~n5-titute  of 
ivatCT"  I’C sources',  nnlvers ity  of  Alaska,  anu  the  Federal 
Water  (Quality  Administration,  Li.S.  Department  of  the 
Interior.  CPA,  Water  Pollution  Control  Research  Series, 
November,  1971. 

Proceedings  of  a National  Symposium  on  Costs  of  Water  Pollution 
Control . North  Carolina  Research  rtiahglSTJnlversltles 
and  tlie  U.S.  environmental  Protection  Agency.  April  6-7, 
1972  . 

Proi^edings  of  the  National  Ground  Water  Quality  Symposium.  Co- 
sponsored  by  the  environmental  Protection  Agency  and  the 
National  Water  Well  Association.  Denver,  Colorado,  August 
25  -27  , 1971.  F;PA,  Water  Pollution  Control  Research  Scries, 
August,  1971. 

Questions  and  Answers  on  Water  Quality  Standards.  U.S.  Lnviron- 
mental  Protection  Agency,  August,  1972. 

Renovating  Secondary  Sewage  by  Ground  Water  Recharge  with  In- 
flTxration  Basins: — rrpA',  water  Pollution  contrul  Keseardi 
Series  , March  , 19  7 2 . 

Report  of  the  U.S.  National  Technical  Advisory  Committee  on 

Water  QualTEy  Criteria  to~Thc  Secretary" of  the  interior. 
U.S.  Departn.ent  of  tlie  Interior,  FV.'i’CA , April  1968 . 

liex  Chainbelt,  Inc.,  Lcology  Division.  Screening/ Flo  tat  ion 

Treatment  of  Combined  Sewer  Overflows.  CPA,  Water  Pol 1 u - 
tion  Control  Research  Series,  January , 19  7 2 . 

Robert  A.  laft  Water  Research  Center,  Advanced  Waste  Treatment 
ResearcJi  Laboratory,  Cincinnati,  Ohio.  Nutrient  Removal 
and  Advanced  Waste  Treatment.  U.S.  Department  of  the 
rnterior,  TwP'CA . 

Robert  S.  Kerr  Water  Researcli  Center,  Ada,  i.)klahoma.  Charac- 
teristics and  Pollution  Problems  of  Irrigation  Return 
FI  o w . U.S.  Department  of  the  Interior,  FWjHLX  , Nlay  , 1969, 

Rocketdyne  Research,  Nortli  American  Rockwell  Corp.  Development 
of  a Chemical  Denitrification  Process.  LPA , Water~ronu- 
tion  Control  Research  Series  , October , 19  70. 

Rohrer  Associates,  Inc.  (Akron,  Ohio).  Underwater  Storage  of 
Combined  Sewer  Overflows.  Ll’A,  Water  Pollution  Control 
Research  Series,  SeptemFcr,  1971. 
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Second  international  Symuosium  for  haste  i'reatncnt  Lagoons  . 
Sponsored  by  Missouri  basin  Lngineering  Health  Council 
and  Federal  Water  Quality  Administration.  Kansas  City, 

Mo.,  June  25-25,  1970. 

Schultz,  (ieorge  R.  , ct  al . Active  Research  I’rojccts  Report, 

Fiscal  Year  1972  . Rational  environmental  Resear ch  Cehte  r , 
Cincinnati,  Ohio.  1972. 

Selected  Urban  Stormwater  Runoff  Abstracts.  5rd  Quarterly 

Issue.  LPA,  Water  Quality  Office,  Water  Pollution  Control 
Research  Series,  April,  1971. 

Selected  Urban  Stormwater  Runoff  Abstracts,  July,  1970  - June, 
1971.  LPA,  Water  Pollution  Control  Research  Series,  July, 
1971 . 

Sewage  Sludac  Incineration.  LPA,  Water  Pollution  Control  Research 
Series,  August,  1972. 

Sludge  Handling  and  Ultimate  Disposal.  LPA,  Advanced  Waste 
Treatment  Research  Lab.,  March,  1971. 

Smith  , Robert  , ct  al . Cost  and  Supply  Analysis  for  Alum  and 
Methanol  Used  in  Wastewater  Treatment.  LPA , Advanccu 
Waste  Treatment  Research  Lab.,  August,  1971. 

Smith,  Robert.  Cost  of  Conventional  and  Advanced  Treatment  of 
Was  tewater  . U.S^.  Uept . oT  Interior  , FW'PCA  , July,  1968 . 

State  of  the  A rt  Iveview  on  Sludge  Incineration  i’ractice  . U . S . 
Kept.  o7~ Interior,  FWPCA , Water  Pollution  Dontrol  Research 
Series,  April,  197U. 

Stcplian,  David  G.,  e t a 1 . New  Technology  for  Water  Pollution 
Control.  LPA,  Water  Pollution  Control  Research  Scries  . 
Mir7TT9'7i. 

Storm  and  Combined  Sewer  Pollution  Sources  and  Abatement.  LPA  , 
Water  I’ollution  Control  Research  Series,  January,  T9 71, 

A Study  of  Reutilization  of  Wastewater  Recycled  through  Ground 
Water.  LPA,  Water  Pollution  Control  Research  Series, 

July  , 19  71  . 

A System  for  Industrial  Waste  Treatment  R ti  U I’rojcct  Priority 
Ass  ignmcht . L PA  , " Watc  r"  P 6llution~Coiitroi  ResearcIT  5 cYT efs  , 
rebruary  , 1971. 

Subsurface  Water  Pollution  : A Selected  Annotated  bib  I iography  . 

T’ar t 111,  'Pcfco  1 atlon  Trom  Surface  Sources”.  TTr^.  DepY. 
of  Interior,  Office  of  Water  Resources  Rcscarcli  , Marcli. 

19  72  . 
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Swindell -Dressier  Company,  Div.  of  Pullman,  Inc.  J’rocess  Design 
Manual  for  Carbon  Adsorption.  Prepared  for  the  PPA , Tech- 
nology  Transfer  Program.  October,  1971. 

ioward  a .New  l.nv  ironmental  Pthic.  liPA,  Water  Pollution  Control 
Kesearcli  Series,  September,  1971. 

'university  oi  Arizona,  Dept,  of  Microbiology  and  Medical  Tech- 
nology.  Meclianisms  of  biological  Luxury  Phosphate  Uptake. 
)-PA , Water  Pollution  Control  iicsearch  Series  , November . 
1971. 

URS  Research  Company,  environmental  Systems  Division.  I’roco- 
dures  for  evaluating  Performance  of  Wastewater  Treatment 
Plants- -A  Manual.  HPA , Office  of  Water  Programs  (undated) . 


..ater  Pollution  Control.  1970 -74  - -Tlie  Federal  Costs.  Reportto 
the  Congress  by  PWPCA.  U.S.  Dept,  of  Interior,  PW'PCA, 
January,  1969. 

Water  (juality  Standards  Criteria  iiigest,  A Compilation  of  Ped- 
^ral/State  Criteria  on:  Mercury  and  Heavy  Metals;  Turbi- 

dity; Disinfection  ;~Mixing  Zones  ; Acidity/Alkalinity  •,  Water 
Quality  Sam^pling  and  Analytical  Methods  ; Bacteria ; Settle  - 
^le  Solids;  Temperature  ; Antidegradat  ion  ; General  Stream 
Use  Designations;  and  Radiation.  (Separate  Reports) ^ 

D.S.  LPA,  Au"gust,  19  72  . 

Weston,  Incorporated.  Feasibility  of  Joint  Treatment  in  a Lake 
Watershed . LPA,  Water  Pollution  Control  Research  Series  . 
1969. 

Weston,  Incorporated.  Process  Design  Manual  for  Upgrading 

bxis t ing  Wastewater  Treatment  Plants^  Prepared  for  LPA  , 
TecTmology  transfer  Program,  October,  19  71. 

Wolf,  Harold  W.  iiacterials  and  Viral  Control  and  Water  Reuse. 
Proceedings  of  Symposium  on  Advanced  Waste  Treatment  and 
Ivater  Reuse,  LPA,  February  23,  1971. 
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Advl^DLiry  Ct.iniu  iss  Ion  <.  n l.nterf'overnmental  helalK-n.  A oo:u- 
;iiission  rtepurl:  J ntergoverninental  hespons i bilitles 

Tor  Whiter  Juuplv  and  dewage  Disposal  in  Meircnmlitan 
A I'eas . October,  19o2. 

Alice,  bnvid  J.,  c I :i  1 . The  Hole  of  the  U.S.  Army  Cox’pa 

> i hnr Ineers  in  Water  Quality  Management.  Institute 
tVr  Water  Resources,  Alexandria,  Va.,  Octibor,  197'->». 

Ainorican  Tit.'ii,  i ca  1 hocLoL.y,  Committee  on  Ctiein  I s t r,v  :.iid  tMLC  i 
L'L'a  1 rs  . Cle.aniiu’:  hriv  ironiaent--! iic  Cnomlcal 

iris  Is  I or  Action.  A liepoi't  by  the  dubc>  imii  ittoe  on 
nnv  ironrnental  Improvement.  19bv. 

American  CliomLcal  dociety.  Men  and  Molecules--Rrosuects 
I'ur  Uie  Li/inr  .'liter. 

Atcmic  Knerfty  Commission,  iJivision  of  Tecimicnl  IjU\  r-irj  t i •- r. 
Jub.iect  oCupe  of  Nuclear  Science  Abstracts.  Januar./. 
17/C. 


A torn  i c hue i-gy  Comm i s s i c ui . dummaries  of  UdAhC  hrw  iroiiinental 
Research  and  oevelopment  on  Health  and  dafety.  dept . 
Id'/U. 


J''jard,  banniel  I'  (.ed.J.  :.’.nv ironmental  Pollution:  Loutls- 

latiun  and  Prucuauris  of  the  Env iroamoiital  Prot.Lctio!i 
A -:etic  . Cl  ipjress  i ona  J Research  dervice,  Librar., 

' f Ci  ripross,  dtafi'  of  Uie  Rnv ironmental  i“olic,i'  ivi- 
sic-n.  M.a  rcn  do,  J ,'/j  . 

bt'tiaf‘(i(  , M'Uvin.  "iioaj  Ui  lyffocts  of  Land  Llspt‘Sa.1  of 
Treated  dcAa,oe  LffluonLs:  An  Appraisal."  brim, 

Ci'ccn  Lands.  Clean  dtreams--Convertlnr  dcware  ini* 
Valuable  Ireen  iia  v.  ti.  and  Pure  Water  tlirourti  Land 
■1  rc.a tmen!  . i-ioprcducou  foir  int'crnal  use  by  tho  li.d. 

A '-my  j.  rps  ' f nnp,  i noi.u-s , dept.  1'/,  1//2. 

lu’uco  , , Ciii'f,  t'lanriing  and  Reports.  iicon»  ii,  i q 

• I I..S  t 1 i i ca  t Lon  ' f .'.a  tor  Rosourco  td'o.i  ec  I s . IJ.d.  Ar  . 

I’P-'  ■ f on,':  i n<a  •la; , Ohio  River  Livisi(.n. 

Cocij,  LartC  nco  i. . nvaluatii'n  of  Procossos  Available  f'  r 
v..oVul  '.i  Rnost'ii'.'l'us  from  Wastev.gtcr.  i'rcpai’ed  iTc- 
.,  . f'.a  r t :•!>  ait  . f lnl''fii'r,  RWQA  , October,  ] v ! . 
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Cliristensen,  Herbert  H.  luxlc  Jubstances  List.  1/72  Haiti  on. 

National  Institute  i'or  Occupational  oai'ety  and  Health, 
Rockville,  Md.  June, 

Citizens  Advisory  Co:nmittee  on  Environmental  'Quality.  He  port 
to  the  Council  on  Environmental  Jualitv.  April,  1971- 


Coiincil  on  hnvircnmental 
1st  Annual  Report. 


Quality . 
August, 


hnvlronmentul  Quality. 
1970. 


Council  on  environmental 
2nd  Annual  Report. 


Quality. 

August, 


environmental  Quality. 

1971. 


Council  on  Environmental 
-^rd  Annual  Repcrt. 


;^ality . 
August , 


environmental  duality. 
1972. 


Council  on  Tntergovern/nental  Relations.  Wastewater  Collec- 
tion. Treatment  and  hlspesal.  April,  1971. 

Cunningiiam,  Hugh,  environmental  Protection  Criteria  I'or 
Disposal  oi‘  Ireated  Sewagre  on  Forest  Lands  . U . S . 
Department  oD  Agriculture,  Forest  Service,  Eastern 
Region.  July,  1971. 


Davis,  Robert  K.  , et  al.  Pricinr  and  eiTiciencv  in  Water 

Resource  Management.  Prepared  Tor  the  National  Water 
Commission,  December,  1971. 

Debrine,  Dale  ii.  "Disposal  of  Food  Processing  Wastes  Using 
Spray  irrigation."  Presented  at  the  Cornell  Agricul- 
tural Waste  Management  Conference,  Syracuse,  New  York, 
I'ebruary  2,  1972.  Reproduced  for  internal  use  by 
tne  Chief  of  Engineers,  U.S.  /-riiiy  Corps  of  Engineers. 

Degler,  Stanley,  and  Sandra  Bloom.  Federal  Pollution  Cun- 
tr<- 1 Prot^rams;  Water.  Air  and  Solid  Wastes.  Bureau 
of  National  Affairs,  Environmental  Management  Series. 
1970. 


Delogu,  Orlando  E.  Ler.al  and  Go vernmetital  Structures  for 

,^,:ter  Manatremenr  in  Metropolitan  Areas.  Prepared  for 
the  Nationcal  Water  Commission,  Legal  Study  lo,  July, 
1//1. 

Env ironmental  Quality  Systems,  inc.  iociinical  Note  on  the 

A /.a  ilea bil it  V of  Conventional  Wastewater  Treatment  Cost 
Data  and  Anal.'ses.  Prepared  for  the  office  of  the 
CiiLef  of  Engineers,  U.S.  Array  Corps  of  Engineers. 

July  29,  197L. 
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Attachment  A 


CHARACTERISTICS  OF  THE  NORTH-CENTRAL  OHIO  AREA 
CONSIDERED  FOR  LAND  TREATMENT  TECHNOLOGY 

1 . Introduction 

Among  the  wastewater  treatment  technologies  considered 
for  large  scale  use  in  the  Cleveland-Akron  metropolitan  area 
was  the  land  treatment  process.  This  procedure  uses  secondary 
effluent  to  fertilize  agricultural  and  wooded  lands  through  a 
process  of  spray  irrigation. 

The  volumes  of  effluent  generated  would  exceed  the  capacity 
of  suitable  soils  within  the  Three  Rivers  area  if  the  land 
treatment  process  were  to  be  used  extensively.  Consideration 
of  these  factors  plus  others  * -watershed  agreements,  low  population 
density,  suitable  farm  lands  in  close  proximity- -led  to  the 
designation  of  an  area  in  North-Central  Ohio  as  tentatively 
suitable  for  application  of  land  treatment  processes. 

Certain  characteristics  of  these  out-of-basin  agricultural 
areas  were  examined. 

2 . North  Central  Ohio  - Agriculture 
a . Physiography 

The  North  Central  Ohio  area  encompassing  proposed  land 
treatment  sites  for  effluent  disposal  from  the  Three  Rivers 
Watershed  includes  nine  counties;  Ashland,  Crawford,  lirie, 

Huron,  Lorain,  Richland,  Sandusky,  Seneca  and  Wyandot. 
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Ihe  area  has  three  marn  river  basins:  Sandusky,  Vermilion  o.; 

Huron.  The  Sandusky  Hiver  drains  an  area  of  1,420  square  mile-, 


originating  in  Richland  and  Crawford  Counties,  flowing  west  to 
Upper  Sandusky  and  then  north  to  Sandusky  Bay.  The  streams  in 


the  Huron  an.i  '-'e  mii  1 j on  Basins  originate  at  the  Lake  Lrie  Ohio  R i v c.  i 

Divide  and  flow  north  in  nearly  parallel  paths.  Tlie  following  da’.i 

details  rhe  diainage  ait. is  and  water  yield  from  these  basins: 

iield  in  Millions  of  Callons  [1)  and  MUD 
per  Square  Mile  (2) 


Drainage 

Basin  Area,  sq.mi=  Min,  yr.  1931  Average  Year  Max.  Yr.  1950 


(1) 

(2) 

(13 

(23 

(13 

(2  3 

Sandusky 

1,420 

91,200 

.176 

245,000 

.465 

375,000 

■^24 

Huron 

406 

28,200 

.19 

77,000 

.465 

115,000 

- 78 

Ve rmilion 

268 

18,600 

.19 

57,000 

.465 

76,000 

■’8 

(Source : 

Northwest 

Ohio  Water 

Development  Plan, 

Ohio 

Water 

Commission 

, Department  of  Natural  Resources, 

October , 

196  7 ) 

Groundwater  resources  in  the  area  are  not  of  large  quantity 
Mississ ippian  and  Upper  Devonian  Rocks,  primarily  consisting  of 
shale,  cover  a large  portion  of  the  area  and  produce  little  or  no 
groundwater.  Occasional  sandstones  provide  minimal  resources,  and 
limestone  deposits  provide  groundwater  supplies  which  require 
conditioning  treatment  for  hardness. 

The  physiography  of  the  selected  counties  in  North  Central 
Ohio  is  defined  within  the  Till  and  Lake  Plains  sections  of  the 


Central  Lowlands  province.  The  major  portions  of  Lorain,  Huron, 
Seneca,  Crawford  and  Wyandot  fall  in  the  Till  Plains  Section,  which 
is  characterized  by  broken  ridges.  These  end  morain  surface 
structures  lying  roughly  parallel  to  the  Lake  Erie  shoreline  range 
several  miles  wide  and  10-50  feet  high  and  serve  to  control  surface 


drainage  patterns.  The  l.ake  Plains  section  covers  Trie,  Sandusky, 
and  parts  of  Seneca,  Huron,  and  Lorain  Counties,  where  a nearly  flat 
to  gently  undulating  topography  is  found.  Characteristic  features 
are  tiie  beach  ridges  composed  of  sand  and  gravel  anil  shallow  lake 
bottom  silts  and  clays.  Drainage  is  a problem  in  many  parts  of  tl'e 
Lake  Plains,  althougli  much  of  the  valuable  agricultural  soils  can  be 
successfully  irrigated  with  supplemental  drainage. 

flic  area  contains  an  abundance  of  rich  agricultural  soils  iiign 
lime  content,  glacial  age  till  soils  appear  in  Wyandot,  the  main 
portion  of  Seneca  and  parts  of  Sandusky  and  Crawford  Counties.  large 
areas  in  Crawford,  Huron,  Lorain,  and  parts  of  Trie  and  Richland 
Counties  are  overlaid  with  low  lime  glacial  till  soils  where  occa- 
sional spots  of  organic  soils  occur.  Only  the  northern  strips  of 
Lorain  and  Huron  and  the  greater  portion  of  Erie  County  display 
poorly  drained,  low  fertility,  high  acid  soils.  However,  only  a 
minimal  portion  of  the  ricii  agricultural  soils  found  in  the 
.North  Central  counties  are  well-suited  for  irrigation.  Even  witii 
supplemental  drainage,  about  one-third  of  tire  soils  are  poorly 
suited  for  irrigation  because  of  rapid  ponding.  In  the  remainder  of 
the  area,  moderate  adaptability  requires  supplemental  drainage  for 
successful  irrigation. 

Cl imate : the  climate  in  Northwest  Ohio  can  be  described  as 

moderate  in  precipitation,  length  of  droughts,  and  temperature 
The  area  is  located  in  the  north  temperate  zone,  and  its  humid 
climate  has  warm  summers  and  mildly  cold  winters.  ihe  mean  annual 
temperature  is  .a  The  growing  season  averages  about  1 ~h  day^ 

Precipitation  and  growing  season  data  for  tlie  individual  counties 
IS  presented  in  lalile  1. 


TABLt  1. 


Precipitation  and  Growing  Season  by  County,  1970 


County  and  Station 

Inches/Annual 
Precipitat ion 

Growing  Sea- 
in  ibavs 

Asiiland,  Ashland 

37.90 

lb3 

Ashtabula,  Ashtabula 

35.57 

19  3 

Crawford,  Buev i us 

39.13 

155 

brie,  Sandusky 

30 . 70 

:i9 

Huron,  Norwalk 

33.98 

164 

Lorain,  Elyria 

33.78 

185 

Richland,  Mansfield 

34.79 

163 

Sandusky,  Fremont 

34.99 

162 

Seneca,  Tiffin 

33. C 3 

162 

Wyandot,  Upper  Sandusky 

32.97 

188 

Source:  Ohio  Almanac.  5th 

Edition,  1972 
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b.  Land  Use 


The  North  Central  Ohio  counties  proposed  for  land  treatment 
sites  are  predominately  characterized  by  agricultural  land  use,  as 
is  clearly  indicated  in  Table  1.  Although  some  reduction  of  land 
in  farms  can  be  found  in  several  of  tiie  counties  from  1954  to  I9h9 
(Table  5),  tiiese  decreases  are  relatively  insignificant  in  contiast 
to  Northeast  Ohio  I'he  Northwest  Ohio  Water  Development  Flan  Deport, 
in  noting  tlie  rich  agricultural  soils  abounding  ii  tlie  area,  caution^ 
that,  "It  is  important  that  concerted  attention  be  given  to 
encouraging  the  continued  use  of  the  best  of  tliese  soils  for 
agricultural  purposes.  Wherever  possible,  zoning  and  industrial 
planning  should  be  geared  to  this  goal." 

The  area  in  general  is  not  highly  urbanized;  the  major  uiban 
centers  of  Northwest  Ohio  which  serves  these  selecced  counties  are 
ioledo  (Lucas  and  Wood  Counties),  Lima  (Allen  County)  and  Lorain 
A brief  summary  of  individual  county  characteristics  will 
serve  to  indicate  the  general  profile  of  each  unit: 

Ashland  County.  Located  about  60  miles  southwest  of  Cleveland, 
Ashland  has  a liilly  rolling  surface.  The  Savannah  Lakes  in  tlie 
northern  section  and  the  Mohican  and  Jerome  Fork  river  valleys  in 
the  southern  section  provide  a productive  sand-gravel  loam  soil 
Asliland  (19,872),  the  county  seat  and  only  city  in  the  county,  is  the 
home  of  Asliland  College. 

Crawford  Ciounty.  Located  about  60  miles  north  of  Columbus,  the 
county  has  rolling  topography  with  numerous,  scattered  woodlots  Ihe 
Sandusky  River  is  the  major  physical  feature  of  Crawford  County  and 
the  entire  reach  has  been  cited  by  the  State  Department  of  Natural 


Resources  as  a Recreational  Resource.  Bucyrus  (13,111),  the  county 
seat,  is  the  cominercia]  center  of  tlie  county. 

hrie  County.  Generally  sparse  v^egetation  and  flat  topography 
characte  r i .:os  the  county,  while  the  eastern  portion  has  rolling 
topograpliy  and  several  large  areas  of  tree  cover.  Tl\e  Huron  and 
Vermilion  l'’ivcrs  are  the  main  pliysical  features  in  the  county  and 
represent  tlio  most  significant  topograpnic  variation;  botli  have  heen 
cited  liy  tile  Department  of  Natural  Resources  for  recreation  potential 
Sandusky,  tie  county  seat,  is  the  second  largest  coal  siiipping 
port  on  the  dreat  Lakes.  Kelley's  Island,  in  Lake  Lrie,  is  a popu 
lar  recreation  area  with  numerous  facilities. 

Huron  county  ■ Located  about  50  miles  southwest  of  Llevelan  !,  the 
level  surface  is  altered  by  a steeper  topograpliy  foun^l  along  tlie 
stream  corridors,  wliicli  are  generally  lieavily  wooded  ;ind  offer 
scenic  qualities.  Wet  timber  areas  as  large  as  500  acres  are  found 
in  the  county.  Dominant  physical  features  are  tlie  thiee  north  soutii 
flowing  rivers  with  narrow  steep  corridors  and  numerous  tributaries 
(Vermilion  River  and  tiie  West  Branch  and  Last  Brancli  of  tlie  Huron 
River).  Norwalk  (14,000),  the  largest  city,  is  the  county  scat, 
althougii  Bellevue  (4  , 392  ),  in  the  upper  northwest  corner,  serves 
as  a trade  center  for  four  counties.  • 

Lorain  hounty.  Dominated  by  the  Lorain  • Llyria  industrialized 
urban  complex,  the  remainder  of  the  county  has  rolling  to  steep 
topography  along  the  liver  and  stream  corriilors.  Small  woodlots 
are  scattered  throughout;  the  main  physical  features  in  the  county 
are  the  east  and  west  branches  of  the  Black  River,  where  topograpiiy 
is  more  rugged  aiul  tree  cover  is  dense.  Lorain,  (city)  i an  impor 
tant  Lake  Lrie  port  and  shipbuilding  center. 


Richland  County.  The  northern  half  of  the  county  is  charac- 


terized by  flat  topography  and  scattered  wood  lots,  while  the 
southern  portion  has  a rolling  terrain  with  more  tree  cover.  The 
Black  Fork  and  Clear  Fork  of  the  Mohican  River  are  dominant  natural 
features,  both  of  which  have  been  recommended  for  recreational 
development  in  line  with  preserving  the  picturesque  natural  feature's 
prevalent  there,  Mansfield,  the  county  seat  and  largest  city,  is 
located  in  the  county's  center;  year-round  recreation  is  a prominent 
Mansfield  attraction. 

Sandusky  County  Located  about  25  miles  southwest  of  Toledo, 

Sandusky  County  exhibits  a hilly  terrain, but  its  fertile  soil  is 
easily  cultivated.  Major  areas  of  vegetation  occur  along  the  stream 
and  river  corridors.  Sandusky  Bay  and  marshes  dominate  the  north- 
east shoreline  of  the  county,  offering  prime  hunting  and  fishing 
areas.  The  no  rth  - f low  ing  Sandusky  River  passes  through  tiie  centei 
of  the  county.  A Scenic  River  designation  by  the  State  of  Ohio  ha^ 
been  made  south  from  Fremont  into  adjacent  Seneca  and  Wyandot 
Counties.  Fremont  (18,940),  the  county  seat,  is  headquarters  for 
a large  beetsugar  operation  and  maintains  an  extension  of  Bowling 
Green  State  University. 

Seneca  County  Rolling  topography  and  scattered  woodlots 
generally  characterize  Seneca  County.  Located  about  40  miles  south 
east  of  Toledo,  the  surface  is  level  and  has  a rich  loam  soil. 

Sandusky  River  is  a fast  stream  through  Seneca  County,  with  about 
five  miles  of  riffles  and  rapids  north  of  Tiffin.  Tiffin  (21,59()|, 
the  county  seat,  is  ;i  diversified  industrial  city  and  the  location 
of  Heidelberg  College. 
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UND  USE  CHARACTERISTICS  --  WESTERN  BASIN  COUNTIES 


Wyandot  Ciounty.  Kural  character  similar  to  the  other  counties 


in  tile  rei;ioii  is  exiiiinted.  ihe  Sandusky  River  corridor  is  the 
major  pliysual  ieaturi'  ni  tlie  county,  witli  tree  cover  and  topo 
grapiiic  contract  alonj;  iliis  corridor  providing;  scenic  diversity  to 
the  county’s  level  surlace.  Wo  cities  are  located  in  Wyandot; 

Upper  Sandusky  Village  (5,h-15)  is  the  county  seat  and  largest 
village  in  ti'is  low-density  area. 

c . Ue nw g rapii V a nd  l.conomic  Activity 

i'hc  selected  ..ounties  cannot  be  viewed  as  a self-sufficient 
region;  ratliet,  tl'ev  arc  a relatively  less  - populated , low-density, 
and  unde r - 1 Ildus t r i a 1 1 zed  group  compared  to  the  State  as  a wnolc  and 
to  the  Noitiiwest  i't>io  uriian  centers  of  loledo,  Lima  and  Lorain 
However,  a iiea)th\  population  growth  has  been  exliibited  during  the 
century,  as  indicated  in  lable  3.  Projected  population  expansion 
is  expected  to  occui  predominately  adjacent  to  tiie  major  urban  ceatei^ 
Lmployment  ;i ro j ec 1 1 on-’  lor  the  Nortliwest  Ohio  region  as  a whole 
anticipate  a potential  tor  the  continued,  long-term  average  growti' 
of  l.b  percent  per  year,  liased  on  the  criteria  of  the  area's  market 
access  ib  i 1 i t combined  witli  the  existing  labor  supply  and  industrv 
structure . 

Aithougli  agricultural  activity  dominates  tlie  general  character 
of  these  Nortii  Cential  counties,  the  economic  base  is  relatively 
diversified.  lable  I jMesents  the  industrial  composition  for 
l‘J0U  and  1U7U,  I'rom  wliich  increases  in  tlie  manufacturing  sector 
for  all  counties  duriiis’.  the  past  decade  can  bo  readily  noted 
Ihe  proportionate  distribution  of  manufac  t ur  ing  activities  compii-'ing 
tliat  growth  inluatO’  a ratiier  diverse  range  of  endeavors,  although 


TABLE  3 Population  Growth  by  County:  1900-1970  (N'orth-Central  Ohio  Counties) 
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INDUSTRIAL  COMPOSITION  OF  COUNTIES  KITH  POTENTIAL  LAND  DISPOSAL  SITES:  1960  5 1970 


ASHLAND  COUNTY  CRAWFORD  COUNTY  ERIE  COUNTY 
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(con’t)  HURON  COUNTY  LOilAIN  COUNTY  RICHLAND  COUNTY 
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SANDUSKY  COUNTY  SENECA  COUNTY  WYANDOT  COUNTY 


Source:  U.S.  Bureau  of  the  Census,  General  Social  and  Economic  Characteristics,  OHIO  PC  (l)-37 
Table  8S.  U.S.  Bureau  of  the  Census,  1170,  PC  TT]  C^7,  Table  123. 


a relatively  significant  concentration  appears  in  "Metal  Industries," 
"Machinery"  and  "hlectrical  Machinery  Equip,  Sy . " for  most  counties 


d.  Agricultural  \ctivity 

Ihe  decrease  in  agricultural  employment  observed  from  IdbO  and 
1970  (Table  4)  is  not  paralleled  by  an  equally  significant  decrease 
in  agricultural  productivity  and  market  value.  Advanced  farming 
practices  have  relieved  manpower  requirements  substantially,  and 
the  total  land  in  farms  has  not  changed  appreciably  in  the  past 


two  decades. 


Tables  5,  b,  and  7 present  data  on  farm  land  uses,  agri- 
cultural output,  production  value,  and  the  ranked  order  of  impor- 
tant farm  commodities  for  the  selected  counties.  It  may  be  noted 
that  these  North  Central  Ohio  counties  under  consideration  as  land 


treatment  sites  for  wastewater  management  indicate  a trend  towaril 
fewer  farms  of  larger  acreage,  similar  to  the  agricultural  land 
use  changes  witii  the  fhree  Rivers  Basin.  However,  the  proportion 
of  those  North  Central  Ohio  counties  in  agricultural  land  shows 
insignificant  decreases  and,  in  some  cases,  minor  increases,  thus 
retaining  the  substantial  rural  character  of  the  areas  involved 
The  distribution  of  major  agricultural  commodities  relative 
to  cash  receipts  from  farm  marketings  varied  somewhat  among  these 
North  Central  Ohio  counties.  However,  dairy  products,  soybeans, 
vegetables,  and  cattle  were  of  relatively  significant  importance 
througliout  most  of  tlie  area.  In  terms  of  total  state  cash 
receipts  from  major  agricultural  commodities,  /Xsliland  was  among  tlie 
top  ten  dairy  producers  in  11170,  Sandusky  was  tiie  tenth  liighest 
soybean  producer,  Seneca  ranketl  lourtli  in  wlieat  output  and  Union, 
Sandusky  and  brie  were  leading  vegetalile  producers. 
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TABLE  5.  Trends  in  Agricultural  Land  Use,  1954,  1959,  1964,  5 1969 
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TABLE  6.  Cash  Receipts  from  Farm  Marketings,  and  the  Rank  of  the  Eight  Major  Commodities  by 

Relative  Importance,  Counties  with  Potential  Land  Treatment  Sites,  1970  and  1962. 
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Attachment  B 

CHARACTERISTICS  OF  THE  EASTERN  OHIO  STRIPMINED 
AREAS  CONSIDERED  FOR  TREATMENT 


1 . Introduction  i 

The  wastewater  treatment  system  proposed  for  tlie  Three  ; 

1 

1 

Rivers  Basin  will  extract  some  500  to  900  dry  tons  of  sludge  j 

per  day,  depending  on  the  level  of  treatment  required  and  the 

specific  biological  treatment.  The  stabilized  sludge  will  con-  i 

tain  high  amounts  of  organic  matter  and  substantial  percentages 

of  phosphorus  and  organic  nitrogen.  While  of  lesser  strength 

than  clicmical  fertilizers,  the  product  is  equal  to  animal  manures 

and  has  excellent  soil  conditioning  properties.  Tlie  tonnage 

represents  not  only  a major  disposal  problem  but  also  a valuable 

resource  that  must  be  reused.  A significant  opportunity  for  that 

reuse  exists  in  the  ravaged  stripmined  areas  of  eastern  and  i 

southeastern  Ohio.  i 

Ihe  importance  of  these  twenty-eight  counties,  constituting 
the  Ohio  portion  of  Appalaciiia,  lies  in  the  negative  values  estab- 
lished by  uncontrolled  strip  mining  activity  that  has  vandalized 
hundreds  of  thousands  of  acres- -and,  in  the  conscciuent  need  for 
reclamation  of  that  land  for  some  future  productive  use  and  esthet 
quality.  These  counties  share  many  of  the  basic  problems  and 
characteristics  of  Appalacliia  and  for  this  reason  it  is  useful  to 
look  at  tile  entire  area  and  the  conditions  that  demand  a major 
rehabilitative  effort;  an  effort  that  will  mutually  benefit  the 
disposal  of  urban  sludges  and  tlie  raw  land. 
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2 . Appalachia 

The  Appalachia  of  today  is  an  area  of  ancient  mountains,  now 
better  known  as  an  economically  depressed,  geographic  area  that 
reaches  in  an  irregular  band  through  parts  of  a dozen  states  from 
New  York  to  Alabama.  The  reasons  advanced  for  the  regional  depres- 
sion are  complex,  but  blame  has  been  placed  on  such  diverse  problems 
as  lack  of  communications,  health  care  or  education,  poor  diet  and 
housing,  or  on  the  physical  damages  caused  by  overcutting  timber, 
soil  erosion  and  stream  sedimentation  in  concert  with  absentee 
ownership  of  surface  and  mineral  rights  in  the  land.  Certainly 
much  of  the  distress  came  from  changes  in  the  economy  of  the  region 
due  to  rapid  mechanization  of  coal  mining,  the  decline  in  farm  em- 
ployment, and  various  shifts  in  both  markets  and  technology.  For 
example,  between  1950  and  1960,  railroad  employment  dropped  401  as 
a result  of  a shift  to  highway  transport  and  the  replacement  of 
coal-fired  engines  with  diesel. 

Appalachia  historically  has  possessed  a dangerously  specialized 
economy,  heavily  dependent  upon  the  exploitation  of  the  region’s 
abundant  natural  resources,  primarily  of  coal.  Twenty-five  years 
ago,  10%  of  Appalachia's  labor  force,  nearly  a half  million  men, 
worked  in  the  coal  mines.  During  the  1950 's,  however,  new  tech- 
nologies were  developed  which  made  it  possible  to  mine  more  coal 
with  far  fewer  men,  and  for  other  fuels--oil,  gas,  and  nuclear 
power- -to  capture  many  of  the  markets  once  served  by  coal.  The 
demand  for  coal  has  returned  with  the  insatiable  demand  for 
additional  electrical  power.  But  the  employment  has  not  returned. 
Mining  techniques  have  changed . It  has  become  a simple  matter  to 


reach  and  remocc'  a seam  of  coal  with  a dozen  men  instead  of  huml 


reds.  Automation  !ia''  made  the  miner  jobless,  and  at  the  same  i i me  , ' 

has  turned  a portion  of  his  homeland  into  an  unmitigated  ecological 
disaster. 

i 

Ihe  Appalachian  bituminous  coal  basin  is  800  miles  long, 
extending  i tom  northern  Pennsylvania  to  western  Alabama  It  attain 
its  greatest  width  of  175  miles  in  Pennsylvania  and  Ohio,  and  is  i 

only  35  miles  wide  at  its  narrowest  point  in  Tennessee.  While  most 
coal  is  still  mined  in  underground  operations,  the  percentage  of 
strip  mining  is  steadily  increasing.  In  1964,  some  20%  of  coal 
was  extracted  by  strip  mining,  a figure  that  had  risen  to  over 
33%  by  1970  and  is  now  estimated  at  about  50%.  Over  a million 
acres  in  Appalachia  have  been  "disturbed,"  a euphemism  for  the 
destruction  perpetrated,  and  of  these,  some  276,000  acres  were  j 

in  Ohio  as  of  1964. 

A 1966  report  by  the  Secretary  of  the  Interior  stated  that  j 

"the  large  tracts  of  unreclaimed  land  existing  today  have  resulted 
essentially  from  past  failure  to  recognize  reclamation  as  a neces- 
sary part  of  the  cost  of  mining ...  society  through  ignorance  or 
apathy  accepted  the  alternatives--erosion,  acid  drainage,  lowered 
water  quality  and  other  detrimental  after  effects--as  costs  of  ' 

"progress."  It  is  soberly  realized  that  some  of  the  past  benefits 
of  the  "progress"  involve  deferred  costs  for  which  payments  have  | 

come  due."  This  simplistic  appraisal  ignored  the  long  history  of 

i 

battles  against  the  strippers  who  received  the  benefits,  but 
acknowledged  the  deferred  social  costs  which  are  still  being 
accumulated!  ' 
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Like  so  many  other  problems  in  the  control  of  pollution,  those 
generated  by  strip  mining  are  complex  and  highly  pervasive.  While 
the  addition  of  sludges  to  the  stripmined  land  will  replace  some 
of  the  organic  material  buried  under  spoil,  the  land  will  require 
major  pre-forming  and  extended  management.  It  is  extremely  doubt 
ful  that  all  land  will  be  capable  of  rehabilitation.  A review  of 
the  nature  of  strip  mining,  how  it  is  carried  out,  and  the  condition 
that  it  causes  will  indicate  certain  characteristics  of  the  Ohio 
counties  selected  and  the  problems  of  reclamation. 

3 . Strip  Mining 

Strip  mining  is  essentially  what  the  name  implies,  a stripping 
of  the  cover  of  "overburden"  over  the  coal,  be  it  forest,  top 
soil,  or  layers  ol  <=ubsoil  and  rock  strata.  Technological  advances 
manifested  by  mammoth  shovels  and  bulldozers  are  making  it  pos 
sible  to  move  larger  and  larger  amounts  of  overburden  to  reach 
underlying  coal  furthermore,  in  thermal  generation  of  electricity, 
the  most  important  use  of  coal  today,  the  lower  quality  coal 
generally  produced  by  strip  mining  can  be  burned  as  efficiently 
as  the  more  expensive,  higher  quality  coal  produced  at  under- 
ground mines.  i'he  iVA,  for  instance,  once  a world-wide  example  of 
conservation,  is  tlie  largest  buyer  of  stripmined  coal,  using  over 
40  ,000  tons  eacli  day. 

There  are  several  surface  mining  techniques  used  to  meet  some 
particular  set  of  conditions.  They  are  usually  referred  to  as 
open  pit  mining,  area  and  contour  strip  mining,  auger  mining, 
dredging  and  hydraul  i ck  i ng . Of  tliese,  tlie  strip  and  auger  methods 
are  the  worst  environmental  offenders,  and  are  used  for  coal  in 


I 


i 


contrast  to  other  methods  used  for  quarrying  and  metal  extraction. 

Such  mining  methods  as  the  open  pit  seldom  arouse  the  opposition 
the  strip  miners  face  since  they  disturb  relatively  smaller  areas 
and  provide  work  longer.  They  may  last  half  a century  or  more, 
whereas  with  coal  seams  averaging  only  a few  feet  thick,  strippers 
move  rapidly  over  large  areas.  Secretary  of  the  Interior  Udall, 

Writing  in  "Surface  Mining  and  the  Environment,"  said  "it  is  accepted 
practice  to  mine  as  cheaply  as  possible  the  deposits  that  are  most 
accessible  and  provide  the  greatest  profit  to  the  producer.  This 
preoccupation  with  short  term  gain  too  frequently  has  ignored  the 
long  term  social  costs  involved- -the  silted  streams,  the  acid- 
laden waters,  and  the  wasteland  left  by  surface  mining." 

Area  stripping  is  usually  carried  out  on  relatively  flat 
terrain,  A cut  is  made  through  the  over  burden  to  expose  the 
Seam,  after  which  the  coal  is  blasted  and  dug  out.  The  first 
cut  is  extended  either  to  the  limits  of  the  property  or  the  deposit, 
with  the  spoil  bank  forming  a long  ridge  paralleling  the  first 
cut.  As  each  succeeding  parallel  cut  is  made,  the  spoil  or  over- 
burden is  deposited  in  the  cut  previously  excavated.  The  final  ) 

cut  leaves  an  open  trench  equal  in  depth  to  the  thickness  of  the 
overburden  and  the  coal  bed  recovered,  bounded  on  one  side  by  the 
last  spoil  bank,  and  on  the  other,  by  the  undisturbed  high  wall 
The  resulting  terrain,  unless  graded  or  leveled,  resembles  the 
ridges  of  a gigantic  washboard.  The  ridges  have  crests  50  or 
more  feet  high,  50  to  100  feet  apart,  and  with  slopes  between  17 
and  39  degrees.  IVhile  the  rate  of  erosion  is  comparable  to  that 
associated  with  contour  stripping,  some  of  the  sediment  is  retained 
in  depressions  on  the  site. 

B-5 

I 

1 

1 


.1 


Wliere  horizontal  beds  of  coal  arc  found  in  liilly  or  mountainou- 


country,  contour  stripping  is  tlic  most  common  practice.  Tliis  mctiiou 
removes  the  overburden  from  the  bed,  starting  wliere  it  outcrops  oji 


the  bill  and  proceeding  around  the  hillside  in  a ribhonlife  opei 
ation.  Successive  cuts  into  the  hillside  are  made  until  tlie  over 
burden  liecomes  too  tliick  to  remove  profitably,  Tliis  type  of  mining 
creates  a slielf  or  ''bench.''  On  the  inside,  it  is  bordered  by  tlie 
high  wall,  ranging  in  height  from  a few  to  more  than  a hundred  feet 
On  the  outside  aie  steep  .slopes  com]ioSed  of  tlie  "spoil"  material 
that  has  been  cut  out  of  tlie  mountain. 

It  IS  .'srimated  that  '’5?>  of  the  strip  mining  in  'ppaiachia  is 
contour  i;iining,  laigelv  conducted  on  slopes  exceeding  1 1 ‘o  , In  the 
IdOb  report,  over  18,hl)U  miles  of  strip  mine  contours  already 
existed,  a lie  ting  about  3d  acres  per  linear  mile  Mong  3 One 
miles,  -1)0,]  ii;,d  hi  en  jiuslied  totallv  off  tin  m i neben;  ii  , to  cast.avi< 
downslope,  eventual  Iv  into  .Ap]ia  1 ad' i an  -treams.  On  the  remaining 
15,01)0  miles,  ti'e  sp^,]  , I'artiallv  stacKeil  along  the  out  edge  where 

its  potential  lor  landslides  i .s  extreme.  'he  loose  spoil  absorbs 
large  amounts  of  water,  adding  increased  loading  and  lubricating  the 
spoil  bank  bearing  surface.  Massive  slides  have  occurred  (lObb) 
along  1400  miles  of  bench  as  well  as  innumerable  smaller  ones 

Auger  Diining  is  usually  associated  with  contour  mining  wliere 
the  height  of  the  overburden  becomes  too  great  to  be  handled  pro 
fitably  in  other  wavs.  iloal  is  recovered  by  boring  iior  i conta  1 1 y in'o 
the  soams  with  drild  that  may  lie  as  large  as  seven  feet  in  diametei 
By  adding  .wclJoii',  tiie  augers  can  he  driver  over  JOU  feet  into  tiie 
coal  seam.  ul'ile  the  Mietiiud  i profitable,  angers  may  leue  as 
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much  as  80%  of  the  coal  behind.  frequently,  however,  the  augers 
have  chewed  up  areas  that  would  be  needed  for  mine  supports,  ihe 
seam  may  be  crushed  and  sealed  beyond  the  reach  of  shaft  operations 
that  might  have  recovered  it  when  economics  demanded.  Thus  scalping 
of  easy  profits  has  wasted  the  underground  as  well  as  the  surface 
resources . 

In  addition  to  the  mining  itself,  the  construction  of  mine 
access  roads  adds  considerable  acreage  to  the  disturbed  area.  Tl'ev 
form  approximately  10%  of  the  total.  Their  use  by  heavy  trucks -- 
up  to  100  ton  capacity -- greatly  accelerates  erosion,  and  their 
usual  proximity  to  natural  stream  channels  increases  the  problem  of 
stream  sedimentation.  Studies  by  the  U . S . Forest  Service  indicated 
the  soil  loss  rate  from  sandy  roads  is  about  2.6  incnes  per  year,  or 
equal  to  about  Ml  tons  per  acre  per  year. 

As  is  true  in  the  exploitation  of  many  otner  natural  resources, 
the  private  standards  used  in  strip  mining  are  not  concerned  with 
defining  social  efficiency.  Thus,  a market  failure  results  because 
the  decisions  of  strip  miners  impinge  on  other  individuals  in 
the  economy  but  in  ways  that  are  not  reflected  in  their  cost 
calculations.  These  externalities  are  costs  imposed  on  others 
by  the  mining  operation,  without  compensation,  and  therefore  with- 
out the  need  for  the  operator  to  control  them.  The  costs  to  society, 
however,  are  real  and  significant  and  they  form  the  heart  of  the 
strip  mining  problem--a  problem  that  can  be  mitigc.ted  in  part 
by  the  use  of  organic  wastes.  These  costs  include: 

(a)  Air  pollution  from  dust  created  by  mining  operations, 
wind-blown  erosion  and  smoke  from  burning  waste  piles  and  coal  seam^ 
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(b)  Water  pollution  resulting  from  acid  drainage  or  sedi- 
mentation, far  more  serious  than  air  pollution,  affecting  thousands 
of  miles  of  waterways, 

(c)  Land  disruption  which  destroys  forests  and  agriculture, 
buries  tiie  top  soil,  creates  erosion,  increases  flood  damage,  and 
destroys  both  human  and  wild  life  habitat, 

(d)  Lconomic  costs  which  include  the  loss  of  other  productive 
opportunities  because  of  stripping  and  the  increased  tax  burden  related 
to  loss  of  population  and  reduced  access  to  services, 

(e ) The  social  and  esthetic  effects  are  in  many  respects  the 
most  severe  and  permanent.  They  include  the  disruption  or  dis- 
location of  homes  and  people,  the  impoverishment  of  segments  of 
the  population,  and  the  destruction  or  degradation  of  the  char- 
acter of  communities  due  to  the  transient  nature  of  strip  mining 
The  effects  of  the  disfigurement  of  the  landscape  are  visited,  in 

a visual  sense,  on  land  areas  far  in  excess  of  the  actual  limits  of 
stripping.  Some  estimate  10  acres  are  despoiled  for  every  one 
mined,  imposing  costs  not  only  on  residents  but  visitors  traveling 
through  the  area. 

It  is  possible  for  people  to  move  away  and  for  travelers  to 
avoid  the  "bad  lands"  made  by  the  strip  miners,  but  the  effects  of 
erosion,  sedimentation,  and  acid  mine  drainage  will  continue  to 
blight  the  regional  waterways  for  generations  unless  major  recla 
mation  efforts  are  made  and  future  mining  is  tightly  controlled 
The  removal  of  vegetation,  the  destruction  of  top  soil  by  heedless 
mixing  with  subsoil  and  broken  rock  strata,  the  disposal  of  the 
overburden  in  steep  piles  and  ridges,  the  disruption  and  block- 
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age  of  normal  drainage  patterns  seem  almost  calculated  to  spread 
the  degradation.  The  impact  of  rain  on  stripmined  land  is  im- 
mediate and  catastrophic.  Ditches  and  gullies  form  on  the  spoil 
bank  and  existing  drainage  channels  are  enlarged.  .Soil  losses 
from  unvegetaied  spoil  banks  may  run  as  high  as  400  tons  per  acre 
per  year,  while  forested  areas  may  run  less  than  one. 

While  successful  planting  might  be  expected  to  control  some 
erosion,  spoil  bank  materials  which  have  a pH  of  4.0  or  less  are 
lethal  to  most  plants.  Almost  801  of  spoil  banks  registered  pH  3 
to  5.  Ideally,  a spoil  bank  will  be  leached  of  enough  acid  in  the 
top  layers  within  3 to  5 years  to  allow  planting.  But  during  those 
years,  increased  erosion  is  likely  to  carry  off  the  surface  materials 
as  quickly  as  percolative  leaching  reduces  acidity.  Thus  the 
bank  continuously  presents  new  surfaces  to  air  anu  moisture, 
becoming  invariably  acidic  and  resistant  to  cultivation. 

The  material  washed  away  from  spoil  banks  will  cover  vege- 
tation in  adjoining  downhill  areas.  In  some  cases,  sediments  and 
coal  fines  have  choked  stream  valleys  until  the  fields  have  become 
swanpy  and  useless  for  agriculture.  There  is  some  indication  that 
filled  stream  beds  and  sediment  dams  are  responsible  for  increased 
flood  damages.  Some  bl)%  of  headwaters  streams  examined  showed 
reduced  flow  capacities  and  it  was  estimated  that  lOI  of  the  stream 
channels  near  spoil  bank  areas  were  reduced  by  two-thirds  or  more. 
Studies  by  the  U.S.  Geological  Survey  found  that  the  average  annual 
sediment  loads  transported  by  larger  streams  might  range  from  2D 
to  3000  tons  per  square  mile  of  watershed  in  undisturbed  areas 
while  stripmined  waterslicds  would  yield  about  30,000  tons  per 
square  mile,  or  10  times  the  maximum  normal  amount. 
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I'he  solid  sediments  consist  of  a broad  mixture  of  loose  wa'^tc 
rock,  earth  and  mineral  matter,  including  fragments  of  waste  coal 
An  indication  of  the  magnitude  of  sedimentation  is  tlic  fact  that 
some  private  1 i rni'^  make  a [irofit  dredging  rivers  for  coal  althougtt 
coal  rep  1 c -en t " only  a I'raction  of  tlie  solid  wastes  enteiing  ttie 
streams  Uamago  from  the  transport  and  deposition  of  solid  waste- 
includes  t tu  destruction  of  fisli  habitats,  the  erosion  of  iTulges 
and  roadways,  tiie  reduction  of  cl'annel  capacities,  the  clogging  c;  1 
culvert-^,  and  tlie  undercutting  of  stream  banks.  It  sl.oitcns  tl'c 
life  of  flood  i.ontrol  and  water  storage  protects,  and  togetbei  vvit" 
acid  drainage,  degrades  water  quality  aiul  adds  to  treatment  co-^t-- 
of  downstieam  u-ci' 

In  addition  to  'poil  I’ank  erosion,  the  disposal  of  refuse  { rom 
coal  cleaning  and  preparation  plants  constitutes  a problem  assoi.iated 
with  active  operations,  ilie  bureau  of  Mines  reports  that  45b  million 
tons  were  mechanically  cleaned  in  1967,  More  than  100  million  tons 
were  discharged  as  refuse,  adding  to  tlie  load  of  mine  spoil  Pres 
sures  for  clean  air  will  prompt  cleaning  of  ever  higher  percenlagc"- 
of  raw  coal  in...iuding  the  lower  strip  mine  grades.  I'reiuls  suggest 
that  tlie  typical  load  of  coal  brouglit  to  market  will  yield  ever 
higher  tonnages  of  waste  to  add  to  prohlcms  of  erosion. 

4 . /Vc  i d M me  Ora  inage 

Acid  mine  drainage  constitutes  tiic  most  pervasive  aiui  wide- 
spread extern  il  cost  resulting  from  the  mining  of  coal.  Acid  mine 
water  is  produced  in  hotli  active  and  abandoned  underground  and  sur 
lace  coal  mining  operations.  Ihe  total  damage  from  stream  pol- 
lution att  r 1 hut  all  1 e to  strip  mine  operations  alone  is  not  known 
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but  most  authorities  believe  it  constitutes  more  than  a quarter  of  ! 

the  problem.  The  IJ.S.  Public  Health  Service  estimated  (1962)  that 
3.2  million  tons  of  sulfuric  acid  are  discharged  annually  into 
streams,  mostly  in  the  northern  third  of  Appalachia.  The  Depart- 
ment of  Interior  indicated  in  1964  that  5,000  miles  of  streams  and 

13.000  acres  of  ponds  have  been  polluted  by  coal  mine  drainage 
Later  figures  (1969)  escalated  this  total  to  12,000  stream  miles  and 

15.000  acres  of  impounded  water,  absorbing  each  year  the  equivalent 
of  over  4 million  tons  of  sulfuric  acid. 

Acid  mine  drainage  pollution  begins  with  the  exposure  of  iron 
sulfide  minerals,  associated  with  coal,  to  the  atmosphere  during  ; 

mining.  Iron  sulfide,  commonly  known  as  pyrite,  is  an  intrinsic 
mineral  associated  with  coal  and  with  the  rock  strata  above  and 
below  the  coal  beds  The  relatively  insoluble  sulfides  are  exposed 
to  air  and  moisture  during  the  mining,  are  converted  by  oxidation  i 

to  soluble  sulfuric  acid  and  to  iron  compounds.  Secondary  reactions 
take  place  between  ferric  sulfate,  sulfuric  acid  and  various  mineral 
compounds  found  in  the  clays,  shales,  and  rocks  associated  with  the 
coal  beds.  The  acid  mine  water,  through  natural  drainage  or  flow- 
through fractured  rock  strata  enters  the  receiving  streams  and 

undergoes  addi tonal  oxidation  producing  more  acid  and  ferric  hy ■ I 

droxide  which  precipitates  out  of  solution  to  coat  the  stream  bot- 
toms with  a yellow  or  brown  sediment  known  as  "yellow  boy." 

The  sulfuric  acid,  the  iron  compounds,  and  tne  various  other 
chemicals  in  mine  drainage  affect  water  in  many  ways.  Perhaps 
the  most  dramatic  arc  the  long  reaches  of  stream  that  are  totally 
devoid  of  vegetation  or  fish  life,  the  fish  kills  in  more  distant 
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rivers,  and  the  overall  impairment  of  stream  appearance  due  to 
discoloration  of  the  water  and  deposition  of  sludges.  The  damage 
of  the  mine  drainage  to  the  streams  does  not  end  at  the  point  where 
natural  flow  dilutes  the  pollution  sufficiently  to  maintain  aquatic 
life,  but  continues  to  lower  the  productive  capacity  for  many  miles 
downstream. 

Damages  to  aquatic  life  are  generally  attributed  to  the  acid, 
the  iron  and  sulfate  irons,  and  the  precipitated  iron  salts  covering 
the  stream  bed.  However,  zinc,  copper,  and  aluminum  have  occurred 
in  lethal  concentrations  in  acid  mine  drainage,  and  arsenic  and 
cadmium  have  been  found  at  threshold  concentrations.  The  toxicities 
of  these  elements  are  compounded  by  synergism  among  several  of  them’ 
zinc  with  copper,  zinc  with  cadmium,  and  copper  with  cadmium.  The 
toxicities  of  iron,  copper,  and  zinc  solutions  are  much  higher  in 
acid  waters,  but  because  of  the  complex  chemical  nature  of  coal  mine 
drainage,  it  is  difficult  to  assign  its  poisonous  effects  to  any 
single  constituent. 

Acid  mine  drainage  damages  water  quality  by  lowering  the  pH, 
reducing  natural  alkalinity,  increasing  total  hardness,  and  adding 
undesirable  amounts  of  iron,  manganese,  aluminum,  sulfates,  and 
other  chemicals.  The  net  result  is  to  increase  the  cost  of  water 
treatment  to  both  municipal  and  industrial  plants,  and  to  accel- 
erate the  deterioration  of  equipment.  High  acidity  and  low  pH  can 
interfere  with  standard  water  treatment  processes.  The  corrosive 
nature  of  the  acid  drainage  causes  rapid  deterioration  of  concrete, 
steel,  and  iron,  slashing  the  useful  life  of  culverts,  bridges, 
docks,  boats,  barges,  pumps,  and  condensers.  The  damage  to  recre 
ational  use  and  esthetic  values  will  range  from  complete  to  partial 
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and  would  include  t lie  lowering;  of  jiroperty  values  alonj)  polluted 
streams.  The  potential  of  many  communities  for  industrial  and 
recreational  site  development  is  degraded  by  poor  water  conditions 

The  volume  of  polluting  mine  drainage  tends  to  increase  as 
additional  coal  is  mined.  The  stripping  fractures  ever  greater 
areas  of  overlying  rock  strata,  allowing  more  surface  and  ground 
water  to  enter  into,  and  circulate  through,  the  v^oids  left  by  mining 
While  drainage  from  surface  mining  may  find  its  way  directly  to 
nearby  streams,  it  mav  also  exhibit  an  intermittent  flow.  When 
runoff  is  trapped,  pools  form  containing  high  concentrations  of 
pollutants.  In  subsequent  periods  of  high  runoff,  these  pools  will 
overflow,  releasing  concentrated  "slugs"  of  pollutants  to  receiving 
streams.  Although  streams  that  are  intermittently  polluted  may  be 
of  good  quality  much  of  the  time,  the  aquatic  life  may  be  damaged 
or  wiped  out  It  has  been  reported  that  a stream  may  require 
thirty  months  for  restoration  after  a concentrated  acid  flow  of  an 
hour.  The  damages  are  much  less  reversible  than  arc  damages  from 
other  pollutants.  Between  flushout  periods,  the  pools  may  drain 
slowly  through  backfill  to  emerge  downslope,  or  they  may  enter  the 
ground  water,  or  dram  to  underground  mines  thus  increasing  tiie 
flow  from  these  operations.  Drainage  from  refuse  piles  at  coal 
preparation  plants  and  washing  operations  constitutes  another  major 
source . 

Even  if  strip  mining  were  banned,  drainage  would  continue  to 
flow  from  inactive  mines  as  long  as  air,  water,  anj  sulfide  mineral- 
were  available.  I’yrite  oxidation  may  be  considered  as  continuous 
and  not  dependent  on  the  amount  of  water  which  acts  cliiefly  as  a 
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transport  ai^ent,  dissolvinj>  and  carrying  pollutants  into  streams 
The  distribution  of  pollution  is  primarily  the  result  of  the  amount 


of  pyrite  mateiijls  present  and  the  extent  of  mining.  Increase  in 
mining  activil)  v.  i 1 1 lead  to  substantially  increased  mine  drainage 
pollution  loads  if  corrective  measure h are  not  applied  Since 
acid  vvater  continues  to  be  formed  for  manv  years  after  mining  i< 
completed,  the  pollution  problem  will  increase  as  tne  number  of 
inactive  mines  mcrea-e.  Previously  unpolluted  streams  will  be 
degraded  as  mining  advances  into  new  areas  unless  effective  controls 
are  established  over  the  opening  and  abandonment  of  new  mines.  The 
potential  for  further  pollution  may  be  indicated  by  the  fact  that 
probably  less  than  15%  of  the  original  reserves  have  been  mined. 

5 . Reclamation 

The  foregoing,  somewhat  lengthy  recital  of  the  pollution  and 
degradation  caused  by  strip  mining  in  Appalachia  has  been  included 
for  several  reasons: 

(a)  The  conditions  indicated  are  typical  of  those  to  be  found 
in  the  stripmined  counties  of  Ohio. 

(b)  The  continuing  urgency  and  necessity  for  rehabilitation 
of  stripmined  lands  in  Ohio  should  be  clearly  indicated  in  contrast 
to  other  potentially  competitive  uses  of  sludge  of  less  significance 

(c)  An  appreciation  of  the  multiple  problems  involved  in 
reclamation  is  essential  to  avoid  a simplistic  approach  which  would 
be  technically  infeasible  and  readily  subject  to  criticism. 

The  1965  Report  of  the  Department  of  the  Interior  mildly 
stated  that  in  the  framework  of  the  present  and  future  public  inter- 
est "it  must  be  concluded  that  past  actions  by  states  and  local 
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jurisdications  to  direct,  control  and  enforce  requirements  designed 
to  effect  the  reclamation  of  disturbed  lands  have  only  been  partial 1\ 
effective."  Yet  the  failure  is  not  a technical  inability.  In 
1968,  a Bureau  of  Mines  report  says  "Land,  disturbed  by  strip  mining 
of  coal,  can  be  recla imed . . . and . . . The  reclamation  of  strip  mined 
land  is  an  effective  method  for  the  control  of  acid  pollution  and 
siltation  of  our  natural  waterways." 

Why  then,  has  the  devastation  gone  unchecked'^  Some  of  the 
reasons  advanced  are  specious  at  best:  failure  to  recognize 
water  quality  control  as  a major  problem,  lack  of  knowledge,  mining 
on  steep  slopes,  or  lack  of  authority  to  prevent  mining  in  areas 
where  the  reclamation  is  not  practicable. 

The  obvious  reasons  are  the  resistance  of  mining  operators 
to  the  internalization  of  the  costs  of  reclamation,  the  inadequacy 
of  state  legislation  to  force  such  internalization  and  the  1 

deficient  enforcement  of  even  such  laws  as  actually  exist.  Ihe  1 

industry  thus  far  has  been  exempt  from  the  internalization  system  ( 

the  federal  government  has  attempted  to  institute  for  controlling 

I 

air  and  water  pollution. 

There  is  nothing  mysterious  about  reclamation.  Proper  strip 
mine  regulation  would  require  the  land  to  look  and  be  the  way  it 

was  before  stripping  began.  Highwalls  would  be  eliminated  and  the  | 

•1 

land  would  be  restored  to  its  original  contour.  Pyritic  materials  i 

and  rocks  would  be  buried.  Topsoil  would  be  segregated  and  replaced 
after  mining.  Proper  drainage  and  settling  ponds  would  be  installed 
to  prevent  acid  pollution  and  sedimentation  while  vegetation  became 
reestablished,  and  h i gli  performance  bonds  would  be  maintained  for 


B - 1 .S 


enough  years  to  protect  against  the  high  rate  of  failure  presently 
common  in  such  projects.  The  true  measure  cf  adequacy  in  recla- 
mation is  a return  to  a productive  state  equal  to  the  pre-mining 
condition . 

This  standard  has  unfortunately,  not  yet  been  approached. 

Indeed,  the  criteria  for  reclamation  have  been  so  vague  and  so 
loosely  applied  as  to  inhibit  any  real  analysis,  either  of  costs 
or  effectiveness.  The  report,  "Surface  Mining  and  Our  Environment," 
indicated  that  reclamation  programs  were  insufficiently  broad  in 
scope.  The  limited  objectives  sought  did  not  take  into  consid- 
eration all  aspects  of  the  environment,  did  not  contribute  materially 
to  overall  watershed  development,  and  did  not  consider  long  term 
objectives.  Tree  planting,  for  instance,  though  possibly  effective 
in  screening  spoil  banks  from  a distance,  cannot  control  erosion  or 
acid  production,  and  the  mass  planting  of  single  species  affords 
no  cover  for  wildlife.  The  Forest  Service  reported  12%  of  spoil 
banks  from  contour  stripping  had  collapsed  into  landslides  and 
that  vegetation  did  not  improve  their  stability.  Regrading  alone 
can  have  some  success  in  reducing  erosion.  It  is  significant  to 
this  report,  however,  that  only  5%  of  the  693  sites  inspected  for 
the  1967  report  had  been  regraded  to  a contour  that  would  permit 
the  use  of  agricultural  equipment. 

The  estimates  of  reclaimed  i.and  in  strip  mined  areas  are 
scarcely  reliable.  Ohio  authorities  reported  in  1965,  for  instance, 
that  over  two-thirds  of  their  "disturbed"  land  had  been  completely 
reclaimed.  Yet  reclamation  may  range  from  simple  bulldozing  of 
spoil  against  a highwall  to  the  redevelopment  of  field  and  forest. 
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The  196S  Department  of  Interior  report  stated  that  "many  areas 
reclaimed,  would  be  considered  only  partially  restored  if  judged 
by  criteria  other  than  specific  legal  i equirements . " Reclamation 
standards  have  changed  frequently  with  experience,  research,  and 
as  environmental  demands  have  gained  political  power. 

Various  publications  of  the  federal  government  have  suggested 
criteria  for  rehabilitation  from  "basic"  reclamation  to  preparation 
for  so-called  special  purpose  uses.  In  some  publications,  basic 
reclamation  is  defined  as  water  quality  control  through  proper  mine 
Water  drainage,  the  covering  of  toxic  materials,  and  the  revegetation 
of  pit  and  spoil  bank  areas.  This  does  not  mean  or  imply  the 
restoration  of  terrain  to  its  original  contour  but  is  concerned 
primarily  with  the  control  of  acid  pollution  and  siltation  of 
streams  and  rivers.  It  would  include  minimum  grading  to  establish 
non-eroding  gradients  and  to  cover  coal  seams  and  other  sources  of 
toxic  material,  but  not  to  restore  the  land  to  any  useful  purpose 
Additional  measures  include  planting  to  achieve  quick  protective 
cover,  drainage  control  to  prevent  saturation  of  spoil  banks  and 
ponding  on  benches,  slide  damage  repair  (in  acknowledgement  of  the 
damage  already  caused  to  homes,  streams  and  roadways),  repair  of 
mine  roads  and  stream  channels,  stabilization  of  about  145,000  acies 
of  existing  ponds,  and  (in  some  concern  for  public  safety)  the 
fencing  and  posting  of  warning  signs  on  highwall  edges. 

Basic  reclamation  will  not  return  the  land  to  any  useful  pur 
pose.  Agricultural  uses  will  require  extensive  grading,  not  to  ex- 
ceed a 15%  grade  and  smooth  enough  to  allow  the  operation  of  farm 
equipment  for  planting  and  harvesting,  the  burial  of  large  rock'=  , 
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the  incorporation  of  fine  material  and  organic  matter  in  the  top 
six  inches  of  spoil,  proper  drainage  and  fertilization  for  satis- 
factory initial  survival  and  growth.  If  wildlife  refuges  are  planned, 
specific  game  food  and  cover  plantings  will  be  needed.  Recreational 
uses  will  require  additional  development  as  will  any  projects  that 
involve  eventual  occupancy. 

The  new  Ohio  Strip  Mine  Law,  Chapter  1514  of  the  Uliio  Revised 
Code,  contemplates  more  than  basic  reclamation,  but  leaves  con- 
siderable discretion  to  the  Chief  of  the  Division  of  forestry  and 
Reclamation  as  to  when,  how,  and  whether  the  reclamation  will  be 
carried  out.  The  law  provides  for  the  segregation  and  replacement 
of  the  top  soil,  the  immediate  covering  of  toxic  materials  and  the 
prevention  of  pollution,  "substantial"  erosion  or  sedimentation, 
land  slides  and  the  accumulation  or  discharge  of  acid  water.  I'he 
mine  operation  shall  reclaim  the  area  in  accordance  witli  a plan 
filed  at  the  time  of  obtaining  the  state  license  to  mine,  by 
contouring  (unless  exceptions  are  made),  replacing  topsoil,  burying 
rocks  or  other  material  which  would  interfere  with  future  use,  and 
planting  and  growing  vegetative  covering  as  required.  The  plan  for 
mining  and  reclaiming  will  include  a statement  of  the  intended 
future  use  of  the  area,  which  will  be  approved  if  it  places  the 
land  "so  as  to  have  an  equal  or  higher  economic  or  public  use  than 
if  the  area  were  to  be  reclaimed  by  contouring,  that  the  steepest 
highwall  slope  and  other  grading  is  not  greater  than  thirty-five 
degrees  except  as  necessary  for  the  intended  future  use,  that  the 
plan  does  not  pose  an  actual  or  potential  threat  of  water  pollution 
or  detrimental  environment  impact " 


It  is  to  1)0  liopod  that  tlic  discretionary  powers  m the  new 
Ohio  law  Will  he  interpreted  and  used  to  secure  j)enuine  reclamation 
Unfortunately,  the  past  history  of  regulation,  even  in  stated  w i t ii 
strong  laws,  lias  not  inuicated  a sense  of  total  public  interest  as 
opposed  to  the  will  of  the  private  coal  companies  A bonding  sv-.tem, 
for  instance,  is  common  to  the  laws  of  ;ill  the  'poalachian  coal 
mining  states  Yet  its  use  has  been  ineffective  Bonds  general Iv 
are  standard  and  are  not  varied  according  to  the  nature  of  the  land, 
the  raining  method,  the  reclamation  problem,  or  the  past  performance 
of  the  operator.  There  has  been  no  attempt  to  use  bonds  as  a device 
to  gather  land  into  planned  reclamation  areas.  One  strip  pit  could 
be  reclaimed  for  forest--the  adjacent  one  for  something  else.  In 
many  cases  the  bonds  have  been  set  so  low  that  it  is  cheaper  to 
forfeit  than  reclaim.  Finally,  bonds  are  usually  returned  on  the 
basis  of  certain  activity,  not  of  accomplished  reclamation.  While 
these  deficiencies  may  not  apply  to  Ohio,  the  Cleveland  Plain  Dealer 
of  February  6,  1973  cites  numerous  failures  and  deficiencies  in 
the  enforcement  of  the  reclamation  law  enacted  in  April,  1972 

To  reiterate,  the  use  of  organic  sludges  for  the  reclamation  of 
thousands  of  acres  of  previously  strip  mined  land  is  both  appro- 
priate and  essential.  It  will  replace  the  organic  material  now 
irretrievably  buried  with  the  top  soil,  and  provide  the  fertilization 
necessary  to  successfully  revegetate  the  ravaged  areas.  Such  use 
should  be  preceded  by  comprehensive  land  use  planning,  massive  re - 
contouring  appropriate  to  its  planned  use,  effective  drainage  and 
erosion  control,  and  other  efforts,  now  considered  only  in  "special 
purpose"  reclamation. 
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6.  The  Public  Interest 


The  interests  of  the  public  in  strip  mine  reclamation  are  many 
and  diverse.  Coal  could  be  our  key  energy  source,  at  least  until 
the  mid-1980's,  if  reports  about  federal  plans  to  reduce  reliance 
on  oil  imports  are  correct.  Demand  will  probably  rise  from  the 
590  million  tons  produced  in  1972  by  40  million  tons  in  1973,  and 
industry  estimates  range  from  2 to  3 times  that  production  by  1985 
Already,  the  area  of  land  needing  reclamation  is  characterized  as 
equivalent  to  a mile-wide  band  from'^ew  York  to  California  As  the 
Secretary  of  the  Interior  has  pointed  out,  the  entire  landscape  is 
disfigured  where  one  acre  in  ten  is  land  waste.  Whatever  else 
strip  raining  may  be,  it  is  unbelievably  ugly.  There  is  no 
environmental  insult  that  so  offends  the  eye. 

We  are  coming  to  realize  that  our  land  resources  are  not 
unexhaustable . The  public  need  for  recreation  lands  and  open  space 
is  increasing  and  the  loss  of  land  from  strip  mining  may  become  too 
great  to  be  supported.  John  Stacks  estimates  that  land  equivalent 
to  four-fifths  of  the  State  of  Connecticut  will  be  stripped  nationally 
bu  1980,  given  current  demands  and  production  practices. 

The  social  effects  of  strip  mining  are  more  localized.  The 
adverse  environmental  costs  are  not  only  externalized  by  the  industry, 
but  localized  in  the  producing  rather  than  the  consuming  ecosystem 
Environmental  degradation  from  strip  mining  tends  to  be  discriminatory, 
unfairly  burdening  those  in  the  vicinity  who  may  not  be  either  con- 
sumers or  beneficiaries  in  any  way  of  the  resource  being  exploited. 

Thus  major  losses  in  land  value,  submergence  of  personal  income 
levels,  swollen  welfare  rolls,  and  poor  public  services  are  typical 
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‘ statistical  conditions  in  coal -producing  counties.  Very  few  eco- 
nomic benefits  trickle  down  from  strip  mining  and  this  includes 
employment.  Strip  mining  is  not  a labor  intensive  industry  and  its 
machines  have  systematically  displace  hundreds  of  thousands  of 
miners  over  the  last  several  decades. 

It  is  suggested  that  this  localization  of  effects,  in  con- 
junction with  the  fact  that  the  costs  of  coal -associated  exter- 
nalities are  small  relative  to  overall  industry  revenues,  focuses 
concern  on  the  redistribution  of  those  costs.  Both  ecological  and 
financial  redistribution  might  be  achieved  by  the  strictest  control 
of  mining  and  by  internalizing  costs  of  extraction  so  consumers 
would  bear  the  burden.  The  rate  of  return  on  investment  in  strip 
mining  activities  is  relatively  high  compared  to  those  realized  by 
other  industries.  It  has  been  estimated  that  one  foot  of  coal 


under  one  acre  of  land  produces  1800  tons.  In  Ohio,  where  average 
seams  are  four  feet  in  thickness,  7,200  tons  could  be  produced 
per  acre.  At  $6.00  per  ton,  gross  receipts  per  acre  would  amount 
to  $43,200.  In  contrast,  the  highest  estimates  of  cost  for  < 


complete  reclamation,  an  ideal  approached  not  in  this  country  but 


in  Germany,  range  from  $3,000  to  $4,500  per  acre,  or  from  1%  to 
10%  of  gross  receipts  in  this  example. 

While  strict  controls  may  result  in  land  restoration  in  future 
stripping,  the  problem  of  acreage  presently  ravaged  and  unreclaimed 
is  less  amenable  to  correction.  Most  of  this  land  is  in  private 
ownership  and  a significant  percentage  is  in  holdings  of  less  tlian 


500  acres.  It  may  become  necessary  for  the  state  to  acquire  land  j 

in  order  to  rehabilitate  it,  and  the  problem  of  determining  owner-  | 

i 


j 
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ship  may  be  difficult.  The  new  Ohio  law  provides  that  the  state 
may  purchase  or  acquire  as  a donation,  any  stripmined  area 
which  then  shall  be  reclaimed  for  a useful  purpose. 

Alternatively,  the  question  of  unwarranted  financial  gain  to 
private  owners  may  arise  in  a reclamation  program.  Consideration 
might  be  given  to  securing  the  public  contribution  to  the  cost  of 
rehabilitation  by  lien  or  easement,  if  outright  title  cannot  be 
obtained.  In  order  to  achieve  any  permanent  benefit,  or  to  develop 
such  lands  into  useful  preserves  or  recreational  areas,  it  would 
be  necessary  to  exercise  some  degree  of  control  over  adjacent  lands 
Although  in  total,  millions  of  acres  have  been  disturbed,  strip 
mines  individually  may  not  be  highly  concentrated.  bach  may  involve 
only  limited  acreage  and  be  widely  separated  from  others  Such 
isolation  would  greatly  restrict  their  use  potential  unless  ease- 
ments were  obtained,  giving  government  the  authority  to  use  or 
manage  adjacent  lands.  The  requirement  for  state  land  use  planning 
prior  to  reclamation  becomes  especially  significant  under  these 
circumstances . 

7 . Coal  Mining  in  Ohio 

Coal  has  been  mined  in  Ohio  for  more  than  a century  and  a half, 
beginning  with  a strip  mine  near  the  village  of  Tallmadge  in  Summit 
County  in  1810.  Drift  mining  began  about  1820,  and  large  scale 
mining  was  underway  in  the  Mahoning  valley  by  1850.  In  the  1880 's, 
Ohio  was  producing  ten  million  tons  per  year  and  ranked  third  in  the 
nation  in  tlie  production  of  bituminous  coal.  Coal  mining  expanded 
rapidly  in  eastern  and  southeastern  Ohio  in  the  late  lOtii  and  eail>' 
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20th  centuries.  In  1930,  Ohio  ranked  sixth  in  production,  but 
the  depression  caused  the  closing  of  many  mines. 

The  industry  revived  during  World  War  II,  but  the  postwar  era 
again  saw  a decreasing  demand  for  coal  due  to  a shift  to  other  fuels 
The  decrease  was  accompanied  by  increased  mechanization  in  mining 
which  combined  to  slash  employment  by  501  between  1950  and  I9b0 
The  demands  of  the  power  companies  revived  the  coal  industry  of  the 
state  in  the  early  '60's  and  production  gains  have  been  marked  annually 
Most  of  the  coal  is  used  for  steam  generation,  but  a significant 
fraction  is  consumed  in  coke  plants  In  1969,  Ohio's  annual  coal 
production  reached  a new  peak  of  51  million  tons,  since  exceeded 

Surface  mining  has  come  to  dominate  coal  production  in  the 
state.  During  1967,  Ohio  ranked  third  in  the  nation  in  the  output 
of  strip  coal  In  1969,  a new  record  high  of  32,575,000  tons, 

64%  of  Ohio  production,  was  obtained  from  strip  and  auger  mining 
Recent  reports  have  indicated  production  has  climbed  to  36  million 
tons  and  more  than  70%  of  the  state  total.  A review  of  Table  1 , 
Selected  Mining  Characteristics,  indicates  that  most  Ohio  counties 
reflect  the  preponderance  of  stripping.  The  use  yf  strip  mining 
methods  is  likely  to  increase  as  the  production  of  coal  increases 
Reserves  of  more  than  1,033  million  short  tons  of  strippable  bitu 
minous  coal  were  estimated  in  1968,  about  7-1/2%  of  the  national 
supply.  All  of  the  beds  are  moderate  to  high  in  sulfur  content, 
ranging  from  2-7%.  There  are  no  strippable  reserves  of  low  sulfur 
coal  in  Ohio. 

The  Ohio  Development  Department's  1968  report  on  "Mining  in 
Ohio"  states  "the  upward  trend  in  coal  demand  by  electric  power 
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TABLE  COAL  MINING  CHARACTERISTICS  - SELECTED  STRIP  MINED  COUNTIES 
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Sources:  1.  Land  Treatment  - Phase  1 Report,  Wright-McLaughl i n Engineers 
June  1972 

2.  Ohio  Department  of  Industrial  Relations,  1969  Division  of  Mines  Report,  Table  3 

3,  U.S.  Department  of  Commerce,  Bureau  of  the  Census,  Census  of  Mineral  Industries, 
1967,  OHIO 


companies  is  expected  to  continue  at  sucli  an  accelerated  rate  that 
some  estimates  of  coal  requirements  for  this  purpose  within  the 
next  15  years  range  close  to  8U0  million  tons  per  year.”  Several 
Ohio  utility  companies  have  signed  15-year  contracts  with  coal 
corporations  to  supply  coal  at  an  increasing  annual  rate.  The  same 
report  states  that  the  principal  fuel  and  power  consuming  industrie 
of  Ohio,  especially  primary  metals,  chemicals,  pulp  and  paper, 
petroleum  and  coal  products,  and  stone,  glass  and  clay  producers 
consume  85%  of  the  total  fuel,  and  75%  of  the  electric  power  of  the 
state.  While  these  figures  have  changed  in  the  last  several  years, 
they  indicate  the  unrelenting  demand  for  coal. 

While  employment  in  mining  generally  has  retained  tlie  same 
percentage  relationship  over  the  state,  employment  in  individual 
coal  mining  counties  has  shown  a decrease  (Table  2 / 'be  Depart 
ment  of  Natural  Resources  has  indicated  the  1972  seasonal  average 
employment  in  coal  mining  amounted  to  only  9,47''  persons.  Greater 
capacity  stripping  equipment  has  tremendously  increased  the  pro- 
ductivity per  mine,  per  hour,  and  per  employee  Ohio  strip  mining 
has  been  most  adaptable  to  large  scale  equipment,  introducing  18U 
cubic  yard  shovels  and  larger,  increasing  the  power  and  capacity  of 
smaller  shovels,  and  using  much  auxiliary  equipment  such  as  trucks, 
bulldozers,  coal  drills,  rippers  which  have  lowered  the  cost  of 
stripping.  I'he  meclianization  has  more  than  compensated  for  the 
smaller  number  of  workers  and  has  increased  tlie  average  number  of 
coal  mining  days  eacli  year  to  more  tlian  2 20  . 

The  effect  of  --trip  mining  on  Ohio  lands  has  been  calastiopnu 
but  the  exact  size  of  tiie  problem  remains  uncertain.  I'he  Oliio 


iABLC  2. EMPLOYMENT  BY  INDUSTRY,  1960-1970  - SELECTED  STRIP  MINED  COUNTIES 


Selected  Industrial  Composition  Data 


Agr i cul ture 


Mi n i nc 


Manufacturi nc 


COUNTY 


993 

(14.4%) 

1684 

(4.5%0 

1260 

(11.1%) 

1020 

(8.3%) 

679 

(11.4%) 

630 

(1.9%) 

685 

(17.2%) 

1243 

(4.6%) 

741 

(22,2%) 

670 

(7.9%) 

231  3 
(1.9%) 

362 

(1.4%) 


9,162 
(0.5%) 

. S . Bure 
eneral  Social  and 
nd  1970 


I 


828 

(2.9%) 

495 

(6.4%) 

1196 

(3.0%) 

778 

(6.3%) 

374 

(2.8%) 

287 

(4.9%) 

373 

(1.1%) 

293 

(7.8%) 

724 

(2.6%) 

335 

(10.0%) 

255 

(3.0%) 

1 585 

(1.1%) 

737 

(2.7%) 


199 

(2,9%) 

843 

(2.2%) 

408 

(3,6%) 

201 

(1.6%) 

1087 

(18.2% 

1434 

(4.4%) 

257 

(6.4%) 

574 

(2,1%) 

240 

(7.2%) 

610 

(7.2%) 

395 

(0.3%) 

704 

(2.7%) 


(11.4%)  (28.8%) 


165 

(2.1%) 

460 

(1,2%) 

311 

(2.5%) 

563 

(4.3%) 

1321 

(22.6%: 

1037 

(3.2%) 

248 

(6.6%) 

565 

(2.0%) 

356 


613 
(7.2%) 

408 

(0.3%) 

614 

(2.2%) 

21,111  1 

(0.5%) 


27  38 
(39.6%) 
6,949 


7047 

(28.2% 

3511 

(45.5% 

17,773 


(45.3%) 

(44.8% 

4322 

5185 

(38.2%) 

(42.0% 

3651 

4559 

(29.8%) 

(34.7% 

1477 

1 193 

(24.7%) 

(20.4%j 

.274 

12,178 

(40.5%) 

( 37  . 3%| 

850 

1075 

(21.3%) 

(28. 7« 

9459 

9312 

(35.0%) 

(33.  3%i 

66  1 

756 

(19.8%) 

(22.5% 

3225 

3609 

(38.2%) 

(42.  /% 

3,481 

{44.2%) 

0,717 

(40.8%) 


59,2b2 

(41.9% 

11,528 
' (41.0.. 

4 4 7 , 5 8 () 

( 3 5 . 6 « 

1 1 on  : 

0,  19h0 


Hoard  of  Unrec  1 a i incil  Strip  Mint*  Lands  ostiinatos  over  100, UOU  acn.'S, 
but  other  estimates  of  acreage  requiring  genuine  rehabilitation 
run  considerably  higher.  Tables  1 and  3 give  variable  indications 
of  stripmincd  land  between  I960  and  1972  estimate^.  lo  the  19o4 
Department  of  Interior  Report  of  1 79,000  "disturbed”  acres  in  Olii  j , 
the  State  Division  of  Mines  estimates  10,000  acres  are  added  annually 
The  Ohio  Division  of  lorestry  and  Reclamation  states  tliat  12, "00  acics 
were  added  in  1970  and  13,000  in  1971.  The  total  acreage  requiring 
rehabilitation  is  probably  well  over  200,000  acres  To  this 
impressive  total,  one  must  add  the  estimated  1200  miles  of  streams 
degraded  by  strip  mining,  the  loss  of  68,000  acres  of  wildlife 
habitat,  and  the  host  of  accompanying  problems  typical  of  Appalachian 
strip  mined  areas. 

One  must  reject  earlier  state  estimates  of  reclaimed  acreage 
As  an  example,  a site  on  Upper  Meander  Creek  in  Mahoning  County  has 
been  mined  entirely  by  stripping  Required  reclamation  was  com- 
pleted in  1962,  with  grading  to  a moderately  rolling  terrain,  and 
plantings  that  included  trees.  By  1971,  the  revegetatiou  process 
had  largely  failed,  leaving  most  of  tlie  site  devoid  of  tree  and 
grass  cover,  and  subject  to  rapid  runoff  and  severe  erosion.  The 
remaining  high  wall  has  dammed  acidic  pools  which  are  a source  of  a 
continual  discharge  into  tiie  creek.  Water  from  the  area  has  a pH 
below  3.0  and  a total  acidity  in  excess  of  1,000  grams  per  liter 
This  is  from  a strip  mine  site  at  which  all  legal  requirements  for 
reclamation  had  been  met . 


TABLE  3 


LAND  USE  - SELECTED  STRIP  MINED  COUNTIES 


County 

Total 

Area 

Total  1 

Urban  | 

Non-urbanl 

Total 

Mfg. 

Mining 

&Extr. 

Commercial  | 

Belmont 

344,960 

5,600 

339,300 

10 

1 1,430 

30 

(100%) 

(1.6%) 

(98.4%) 

(0.002%) 

(3.3%) 

(0.008%) 

Carrol  1 

253,440 

(100%) 

860 

(0.3%) 

252,580 

(99.7%) 

80 

(0.3%) 

4,520 

(1.8%) 

- “ 

Col umbi ana 

342,400 

9,360 

333,040 

1 10 

10,570 

20 

(100%) 

(2.7%) 

(97.3%) 

(0.03%) 

(3.1%) 

(0.006%) 

Coshocton 

360,320 

3,010 

357,310 

190 

9,680 

70 

(100%) 

(0.8%) 

(99.2%) 

(0.5%) 

(2.7%) 

(0.02%) 

Guernsey 

338,560 

2,350 

336,210 

70 

3,500 

20 

(100%) 

(0.7%) 

(99.3%) 

(0.02%) 

(1.0%) 

(0.006%) 

263,040 

480 

262,560 

340 

35,170 

Harr i son 

(100%) 

(0.2%) 

(99.8%) 

(0.1%) 

(13.4) 

263,040 

6,700 

256,340 

350 

14,450 

30 

Je  fferson 

(100%) 

(2.5%) 

(97.5%) 

(0.1%) 

(5.5%) 

(0.1%) 

269,440 

269,440 

320 

5,920 

10 

Morgan 

(100%) 

(100%) 

(0.1%) 

(2.2%) 

(0.004%) 

428,800 

4,980 

423,820 

70 

5,780 

20 

Muski ngham 

(100%) 

(1.2%) 

(98.8%) 

(0.1%) 

(1.3%) 

(0.005%) 

Noble 

258,560 

(100%) 

258,560 

(100%) 

20  6,390 

(0.008%) (2. 5%) 

-- 

Perry 

262,400 

1,660 

260,740 

270 

7,540 

20 

(100%) 

(0.6%) 

(99.4%) 

(0.1%) 

(2.9%) 

(0.007%) 

Stark 

371 ,840 

20,940 

350,900 

1 ,620 

7,990 

470 

(100%) 

(5.6%) 

(94.4%) 

(0.4%) 

(2.1%) 

(0  .1%) 

365,440 

6,110 

359,330 

540 

10,610 

Tuscarawas 

(100%) 

(1.7%) 

(98.3%) 

(0.1%) 

(2.9%) 

TOTAL  OHIO  26,381  ,670  1 . 

138,870  25,242,800 

22,450 

194,590 

7,  1 30 

(100%) 

(4.3%) 

(95.7%) 

(0.08%)  (0.07%) 

(0.03») 

Source:  Ohio  Development  Department,  Planning  Division, 
1960  Detailed  Land  Use  Data 


uoun  ty 

T ransp . & 
Utilities 

I ns  ti tu- 
ti ona  1 

Recrea- 

tion 

Wa  ter& 
Wetlands 

Agri c. 
&0ther 

Residential]  ’ 

0 , uou 

2,930 

— TTt'gTl — ^ 

2",  920 

307 , 820 

T 

Bel  rnon  t 

(0.8%) 

(0.3%) 

(0.8%) 

(89.1%) 

(2.3%) 

1,920 

2,600 

310 

2,440 

238,560 

21,150  j 

Carrol  1 

(0.75%) 

(1.0%) 

(0,12%) 

(0.96%) 

(94,1%) 

(8.3%) 

3,440 

1 30 

5,320 

2,240 

299,760 

11,450 

Col umbi ana 

(l.%) 

(0.04%) 

(1.5%) 

(0.6%) 

(87 . 5%) 

(3.3%) 

2,640 

6,090 

2,150 

250 

333,270 

2,970 

Coshocton 

(0.7%) 

(1.7%) 

(0.6%) 

(0.7%) 

(91.7%) 

(0.8%) 

4,140 

1,210 

15,300 

2,240 

305,080 

4,650 

Guernsey 

(1.2%) 

(0.36%) 

(4.5%) 

(0.7%) 

(90.1%) 

(1.4%) 

4,130 

10,610 

1 ,480 

5,140 

203,650 

2,040 

Harri son 

(1.5%) 

(4.0%) 

(0.5%) 

(1.9%) 

(77.4%) 

(0.8%) 

2,750 

340 

5,610 

1 ,070 

222,330 

9,310  i 

Jefferson 

(1.0%) 

(0.1%) 

(2.1%) 

(0,4%) 

(84.5%) 

(3.5%)  •' 

2,110 

30 

8,180 

580 

250,840 

1,4  50 

M 0 r’  g a n 

(0.8%) 

(.01%) 

( .03%) 

(0.2%) 

(93.1%) 

(0.5:.) 

4,700 

6,310 

7,410 

5,550 

385,740 

8,240 

Mus  ki ngham 

(i.r%) 

(1.5%) 

(1.7%) 

(1.3%) 

(89.9%) 

(1.9%) 

2,320 

2,470 

1 ,220 

3,690 

240,770 

1 ,680 

Noble 

(0.9%) 

(0,9%) 

(0.5%) 

(1.4%) 

(93.1%) 

(0.6%) 

2,650 

220 

21,150 

1 , 520 

223,470 

3,900 

Perry 

(1.0%) 

(0,08%) 

(8.1%) 

(0.6%) 

(85.2%) 

(1.5.)  ; 

5,230 

2,640 

2,090 

1 ,470 

296,470 

32,650  ; 

Stark 

(1.4%) 

(0.7%) 

(0.6%) 

(0.4%) 

(79.7%) 

(a.sn 

4,170 

5,770 

80 

4,660 

327,590 

5,910  ' 

T us  ca  rav/a  s 

(1.1%) 

(1.6%) 

(0.02%) 

(1.3%) 

(89.6-«) 

(1.6.) 

TOTAL  OHIO 

298,040 

158,270 

439,310 

220,100 

23,193,530 

704,380 

(1.13^) 

(0.59%) 

(1  .66,0 

(0.83  ) 

(87.9.  ) 

(2.7.) 

B - J 9 

TABLE  4 

Selected  Strip  Mined 

Counties 

County 

Strip  Mined  Acreage* 

Ohio  Development  Region 

Belmont 

23,296 

Ohio  Valley 

Carroll 

5,737 

Tuscarawas  Valley 

Columbiana 

19,778 

Lakeshore  uplands 

Coshocton 

17,440 

Tuscarawas  Valley 

Cue rnsey 

4,369 

Tuscarawas  Valley 

Harrison 

49,064 

Tuscarawas  Valley 

Jefferson 

26,772 

Tuscarawas  Valley 

Morgan 

13,354 

Ohio  Valley 

Muskingum 

13,884 

Tuscarawas  Valley 

Noble 

12,835 

Ohio  Valley 

Perry 

17,322 

Ohio  Valley 

Stark 

11,276 

Lakeshore  Uplands 

Tuscarawas 

22,995 

Tuscarawas  Valley 

* Wright -McLaughlin  Engineers.  Strip  Mined  Lands  In  Ohio,  Phase  II 
Report,  October,  1972. 
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8 . An  A r c a fo r l^e c 1 a ma t ion 


Among  tlio  many  Appalacluan  counties  of  Oli  i o , tiiirtcen  have  been 
cliosen  for  closer  examination  lliere  are  several  reasons  for  tins 
selection  !■  i i s t , they  include  all  of  tl>e  more  heavily  stripminej 
areas  of  tiie  state,  ti'ose  witii  ovci  10,000  acre'-  Jisturlnid  second, 
tliey  are  witiiin  150  miles  of  tiie  I'l  e ve  1 and  ■ Ak  ron  metropolitan  area, 
tire  presumed  source  of  t lu'  sludge  to  lie  used  foi'  lei.  lamation  linail-  . 
an  existing,  unused  coal  slurrv  pipeline  leads  iiom  lastlaki.’  to 
Cadiz  in  Harrison  I'ountv.  fhe  pipeline,  wliicli  could  he  used  i' i t n 
little  modification,  is  tiie  least  expensive'  means  of  s ] ijjgo  trans 
mission;  it  terminate-'  in  a heavili'  mined  eouiitv  uhicli  i-  also 
adjacent  to  counties  witli  over  100,000  acres  of  strip  mined  land 
It  is  useful  in  listing  these  counties,  to  designate  tiie 
state  development  legion  in  whicii  tliey  aie  located,  and  tiie  estimated 
strip  mined  area  in  eacli  countv  (Table  5) 

With  the  exception  of  Stark  and  Columbiana  Counties,  these 
counties  fall  witliin  tlie  lioundarics  oi  tiie  Oli  i o Hciiartment  of  1'ev.cl 
opment's  Tuscarawas  V.iiiey  and  Ohio  V’allcv  U’cgions  in  its  lOoo 
Report  on  tiie  Ohio  Comii  rcliens  i ve  I’lanning  I'logram,  botli  regions  were 
noted  as  a distinct  tvpe  within  tiie  state,  ''cluiractcr  i zed  by  rugged, 
hilly  terrain,  low  population  density,  small  cities,  poor  trans 
portation  systems,  and  a dependence  on  agriculture  and  resource 
development  ” The  low  population  density  is  tiie  result  of  a popu- 
lation growtli  rate  cons  i do  ral>  1 y lower  than  tiie  state  as  a whole 
lable  5 indicates  a net  population  loss  in  manv  countries  witliin 
the  last  ten  to  tliirtv  vears, 
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llie  lusc.irawas  \allcv  scM'vt"^  as  a transitional  region  between 
tile  heavily  I'oi'iil  a t I'J  nortliern  counties  aiul  tlie  .parsely  selilnl 
Oiiio  Valley  ki'cion  to  tiie  soutii.  Much  of  the  laiiii  is  rugged 
Stream  and  iivei  vallevs  general  Iv  have  steep  vallev  wall  Manning 
broad,  1 lat  vaile\'  l loots.  Sevi'tal  major  rivers  cross  the  revion, 
draining  to  tiie  Ohii.  I'ivei.  Maior  waterwa>'s  iiulio'e  tne  1 idling, 
Muskingum,  Moi'ican,  haliioiuling,  and  luscarawas  rivets  liie  teg  ion  is 
rural  in  cliaractei  .\gr  i cul  ture  is  an  important  sruirce  oi  emplov 
ment  in  the  region,  tl'ough  tlic  li  i 1 1 y ciiaracter  of  tiie  land  limits 
productivity  i ons  i do  i al>  1 e strip  mining  has  aiul  is  occurring  in 
most  counties 

All  count  u'"  111  the  Ohio  Valle>'  ti-gion  are  ciia  ra^  t e i i .■  t'd  hy 
steep  to  rough  topogi  ajil'y  , l-'orest  cover  is  e\tensive  and  tl'e  'nigh 
bluffs  overlooking  tiie  Ohio  K i ve  r provide  an  evten'-ive  scenic  coi 
ridor.  Due  to  the  topograpiiy  as  well  as  tiie  low  population  den-it. 
in  the  area,  tliere  is  no  developed  t ranspo  rt  a t i on  network  of  to  id 
system.  The  sout  lieas  t e rii  iiortion  o I'  tlie  area  wiiicn  include'  i in- 
counties  of  concern  is  predominantly  rural  witii  ti'c  main  economic 
activity  in  mining  and  lumiiering.  Ooal  mining  activity  is  si^nttcicd 
throughout  tlie  region  and  is  of  growing  importance.  Many  rivers  cut 
through  tlie  Oliio  Valley  llegion,  flowing  generally  soutli  to  the  iihio 
River.  Those  oT  particular  interest  are  the  Hocking  and  Muskingum  aiu 

their  tributaries. 

the  tliirteen  counties  are  in  a region  comprising  llio  stoop, 
hilly,  Appalachian  Plateau.  ITie  steep  slojics  and  nattow  ridges  cause 
rapid  runoff  and  erosion  during  intense  rains  despite  tlie  moderatel) 
rapid  pe  rmcal)  i 1 i t y of  many  ot  the  soils.  ITie  soils  are  l.irg.elv 
residual  sandstone  and  sliale.  Much  of  t lie  land  is  too  steep  or 


shallow  for  cultivation,  so  a relatively  high  proportion  of  it  must 
be  devoted  to  forest  or  pasture.  Hay  and  grains  may  be  produced  on 
gentler  slopes  if  conservation  practices  such  as  contour  strip 
cropping  or  terracing  are  used  Strip  mining  in  these  areas  win 
produce  erosion,  sedimentation  and  acid  drainage  problems  While 
there  is  internal  variation  of  soils  in  each  county,  tliey  range  from 
shallow  stony  soils  along  tiie  Ohio  Kiver,  through  low  to  moderately 
fertile  soils  tow'ard  the  inland  area  Large  areas  are  underlain 
with  acid  shale  which  reduces  their  permeability  and  responsiveness 
to  good  management  Ihe  use  of  ero'^ion  control  practices  wlien  slopes 
are  cultivated  is  emphasised  for  all  soils  in  the  area. 

The  19faJ  report  on  "Acid  Mine  Drainage  in  Appalachia"  states 
that  many  streams  in  eastern  Ohio  are  continuously  or  intermittently 
acidic  Tlie  .''luskingum  and  Hocking  River  basins,  for  instance,  have 
extensive  stretciics  containing  continuously  ac-dic  water.  The 
characterization  of  the  water  pollution  pioblems  of  each  county  may 
be  approached  by  consideration  of  the  separate  river  basins  that 
drain  them:  the  Muskingum,  the  Hocking,  and  portions  of  the  Ohio 

River  main  stem  and  its  tributaries  fhe  stream  pollution  is  sum- 
marized in  ial'le  6. 

Muskingum  River  Basin:  The  Muskingum  River  Basin  lies  in  the 
eastern  part  of  Oli  i o . It  is  formed  by  the  junction  of  its  two  prin 
cipal  t r i buta  r ic'^  , tire  luscarawas  and  tiie  VValhonding,  at  Ooshocton, 
near  the  center  of  tlie  basin.  Tlie  total  drainage  area  of  the  basin 
is  8,010  square  miles,  and  the  river  flows  south  to  empty  into  tiie 
Ohio  River  at  Marietta.  \me  of  the  13  selected  counties  are  drained 
wiiol  ly  or  in  jiart  by  ttii'^  watershed  They  include  Belmont,  Carroll, 


I 

f 


I 


I 

Columbiana,  Coshocton,  Ceurnsey,  Harrison,  Muskingum,  Stark,  and 
Tuscarawas 

Some  mine  drainage  pollution  occurs  in  each  of  tlie  coal  pro 
ducing  count  ie-  of  tlie  basin  However,  Tuscarawas,  Coshocton, 

Muskingum,  and  I’crry  Counties  are  the  most  seriously  affected  bv 
continuous  acid  mine  drainage  There  are  extensive  stretches  of 
creeks  affected  in  Huernsev  Countv,  and  lesser  amounts  in  Belmont 
and  Carroll  < ounties  data  obtained  in  i960  indicated  that  over 
400  ton-'  of  acid  drainage  enter  into  the  streams  of  the  basin  eacii 
day  Over  jOl)  miles  of  -treams  were  considered  polluted  by  n.ine 
drainage,  witli  80"  of  t i)  i s continuous 

llie  lepoit  comments  that  most  of  tlie  coal  mine  drainage  flowing 
into  the  iuscaiawas  B i ve  r enters  in  tl'e  reach  lietween  Massillon  and 
.\ewcomc  r ^ t own  However,  tiie  industrial  pcllut'ion  originating  in  the 
Akron  area  aliect--  the  river  to  --uch  a degiee  tiiat  tlie  influence 
of  the  acid  mine  drainage  is  not  easilv  recognised 

Hock  i ng  B i ve  i Bas  i n : 'tie  llovking  Hiver  Basin  covers  an  area  of 

IdUO  squaie  mile--  located  in  the  i' i 1 1 section  of  southeastern  Ohio 
While  only  two  of  the  selected  countii’S,  Perry  and  Morgan,  are 
partially  drained  by  the  Hocking  t r i I' uta  r i es  , tiiese  are  continuously 
and  seriously  polluted  lliese  include  liu'-li  Creek,  Monday  and  Sunday 
Creeks  in  l’eir\  County,  and  federal  Creek  in  Morgan  County  Tlie 
Hocking  River  Basin  as  a whole  contains  3o4  mile^  of  streams  signi 
ficantly  polluted  by  coal  mine  drainage,  two  thirds  of  wliicli  are 
cont i nuous 

Uliio  River  Main  Stem'  Hie  basin  aieas  of  tlie  Ohio  River  main 
stem  include  areas  of  Ohio,  Pennsylvania,  and  West  Virginia  Hie 
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' largest  of  tlie  l i i l>ut  a s i e-;  ol  t lir  .iii'.i  in  Ohio  iiuliiJe  L i t t 1 <;  f.civoi 

h i-reek,  Raccoon  ' i-eek,  tiie  little  Muskingum  River,  and  Brush  ('reek 

The  counties  in  their  drainage  basin  include  all  or  part  of  Belmont, 

Carroll,  Columbiana,  liaiii'^on,  Jefft  rson,  Muskingum,  and  '^oble 

Counties  Jnc’uding  out  of  state  area,  surface  and  underground 

sources  are  estimated  to  contribute  lOOl)  tons/day  ol  unneut  ral  i d 

acidity  to  tiic  iJpper  "hio  and  its  minor  tributai  is's  , witn  1 .^OU  mile> 

of  streams  signi f icant  Iv  ai lected 

Sections  of  Yellow  Creek  and  its  North  Fork  are  continuously 

polluted  in  Columbiana,  Carroll,  and  Jefferson  Counties  Short 

Creek  and  Cross  Creek  are  continuously  polluted  in  Harrison  and 

Jefferson  Counties,  WheelingCreek , McMahon  Creek,  and  Captina  Creek 

are  continuously  polluted  for  their  entire  lengths  in  Belmont  County 
r 

and  most  sections  of  Duck  Creek  in  Noble  County  are  polluted  1 

The  1966  study  characterized  streams  as  continuously  affected  1 

when  they  were  degraded  all  or  nearly  all  the  time.  Intermittent  , 

pollution  of  a significant  character  was  also  observed.  It  is  j 

recalled  that  intermittent  pollution  can  be  as  devastating  to  stream 
life  as  a continuous  flow.  There  is  an  implicit  assumption  that  there 
is  a proportional  relationship  between  cumulative  coal  production 
and  the  annual  volume  of  acid  mine  drainage.  Such  relationship  will 
be  dependent  upon  the  amount  of  pyritic  materials  associated  with  the  i 

coal.  Nevertheless,  no  decrease  in  the  amount  of  pollution  can  be 
expected  in  the  absence  of  specific  control  measures. 

9 . Regional  Development 

The  conclusions  of  the  Appalachian  Regional  Commission  have  not 
been  in  the  direction  of  supporting  a massive  attack  on  mine  drain- 
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|r  Stream  qualitv  may  be  one  of  the  essential  steps  to  transform  an 


area  so  it  will  attract  private  investments  in  recreation,  industry,  j 

or  bousing  " Within  the  Tuscarawas  and  Ohio  Valley  Regions  the 

Ohio  Department  of  Development  anticipates  growth  within  the 

context  of  greater  exploitation  of  the  coal  reserves  More  industry 

with  high  i ue 1 requirements  would  be  induced  to  locate  in  the  south 

east  in  order  to  give  better  balance  to  the  economy  in  this  part  of  I 

Ohio.  Mining  is  indicated  as  an  important  locative  factor  in  Ohio 

manufacturing.  Yet  a comparison  of  the  value  added  by  mining  in 

Table  1 and  fable  2 - Employment  by  Industry,  does  not  indicate 

any  significant  relationship 

There  is  a major  question  whetJier  industry  can  be  attracted 
to  an  area  handicapped  by  the  residuals  of  stripping  Tor  instance, 
from  the  standpoint  of  industrial  water  use,  acid  mine  drainage  i 

creates  many  problems  and  establishes  a barrier  to  industrial 
location.  The  importance  of  the  pollutants  vary  with  intended  water 
usage  However,  acidity  sufficient  to  reduce  the  water  pli  below 
b.O  affects  almost  all  water  uses  Iron  and  manganese  significantly 
affect  all  process  uses.  The  increased  dissolved  solids  reduce 
water  utility  for  various  critical  applications,  including  feed  for 
high  pressure  boilers  lligii  sulfate  values  severely  limit  the  number 
of  times  that  makeup  waters  could  be  concentrated  in  cooling  toweis 
and  evaporative  coolers  before  sulfate  scale  becomes  a problem 

Techniques  for  the  abatement  of  mine  drainage  pollution  resolve 
into  only  two  alternat i ves : (1 J a reduction  or  elimination  at  the 

source,  and  (2)  the  treatment  of  presently  polluted  waters  A range 
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of  techniques  have  been  suggested  and  explored  in  the  treatment  of 
pollution,  but  all  of  them  have  presented  insurmountable  cost  problem^ 
Even  the  use  of  lime  in  various  forms  for  acid  neutralization, 
though  it  i'^  economically  feasilile,  presents  other  problems, 
including  the  increase  of  hardness  and  calcium  and  tlie  failure  to 
reduce  the  manganese  content  From  an  industrial  point  of  view,  the 
reduction  or  elimination  of  mine  drainage  pollution  at  its  source 
is  clearly  to  be  preferred  to  later  treatment, 

The  Tuscarawas  and  Ohio  Valley  regions  have  tlie  most  potential 
for  long  term  recreational  development  in  the  state,  but  much  of  tin- 
potential  will  depend  on  the  ability  of  the  state  to  control  and  re- 
claim mining  lands.  In  the  meantime,  these  areas  will  be  dependent 
on  mining  more  than  any  other  section  of  the  state 

10  o Three  Counties 

The  counties  of  Belmont,  Harrison  and  Jefferson  form  a compact 
group  in  eastern  Ohio.  They  have  been  the  first  three  counties  in 
the  amount  of  coal  mined,  in  value  added  in  mining,  in  tl'e  amount  of 
land  stripped  (over  150  square  miles),  and  pos'^ibly  in  the  increase 
in  their  strip  mining  activity  A closer  look  at  their  cliaracteri  st  i c 
is  warranted. 

Belmont  County  The  1970  I’lan  for  Outdoor  Recreation  in  Oiiio, 
prepared  by  the  Department  of  Natural  Resources,  characterizes  Bel- 
mont County  as  a rugged  picturesque  area,  lilessed  with  a wide  range 
of  natural  resources  fhc  Ohio  River,  with  its  corridor  of  steep 
hills  and  rugged  bluffs,  forms  the  eastern  boundary  Vegetation  and 
forest  cover  on  the  hills  is  extensive  and  the  corridor  li.i''  out 
standing  potential  for  recreational  development.  llie  eastern  half  of 


the  countv  has  open  ridge  tops,  steep  wooded  ravines,  and  sheer 


narrow  valley  • Hills  and  bluffs  along  tiie  Ohio  River  rise  300  to 
sou  feet  ahe.e  the-  valley  floor  'be  soils  of  the  area  are  largely 
shallow  and  -tonv  on  'Teep  and  liillv  topography  I'hev  are  not  suited 
to  cultivari'rn  and  the  hc-t  use  of  tin-  land  is  fni  forestry 

'he  we  to  >n  half  of  the  count'-  '■  Ic---  rugged,  but  much  of  the 

ar.d  IS  -til!  o'-ed  lor  rough  jjasturt-  ml  woodlands  flu  soij.; 
tiic  area  iiavr  i r t go  1 v developed  on  '--jiidstone,  liniostone  and  ^hale 
in  a rolling  topography.  They  are  moderately  productive,  adapted 
to  legumes  and  grasses,  but  require  erosion  control  practices  on 
any  sloping  land, 

Martins  Ferry  and  Bellaire  are  the  two  principal  cities  in  the 
county.  Located  along  the  Ohio,  they  are  more  oriented  toward 
Wheeling,  West  Virginia  than  any  Ohio  center-.  Highway  development 
in  the  county  has  been  limited  by  the  topography  but  Interstate  70 
' provides  east*west  communication  while  Ohio  7 along  the  river  runs 

north  and  south. 

The  recreation  report  says  that  strip  mining  has  been  an  import- 
ant factor  in  the  economy  and  physical  appearance  of  the  county. 
Nearly  1%  of  the  county  had  been  stripped  by  1969  and  extensive 
additional  mining  was  expected.  Coal  deposits  are  found  through- 
out the  county  and  the  Bureau  of  Mines  1968  report  lists  recover- 
I able  strippable  resources  as  258,300,000  short  tons  with  an  average 

seam  thickness  of  55  inches.  A story  from  the  New  York  Times  of 
] December  15,  1970  estimates  200,000  of  the  total  346,000  acres  in 

I Belmont  County  have  already  been  sold,  leased  or  optioned  to  coal 

suppliers  This  is  the  location  of  the  so-called  Egypt  Valley  from 
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which  the  Hanna  Coal  division  of  Consolidated  Coal  strips  about  5 
million  tons  per  year 

Belmont  County  is  called  fortunate  in  having:  some  d.OOO  acres 
in  Piedmont  Lake  and  numerous  scenic  streams  available  to  the  public 
for  water  based  recreation.  Yet  all  of  the  major  streams  draining  to 
the  Ohio  River  are  continuously  polluted  by  acid  mine  drainage  This 
includes  Wheeling,  McMahon  and  Captina  Creeks  as  well  as  other  smaller 
ones.  Drainage  into  Piedmont  Lake  carries  heavy  amounts  of  dissolved 
solids  including  iron,  managanese,  sulfates  and  various  metals  dis- 
solved by  the  acid  drainage  Whether  the  lake  will  remain  a viable 
system  is  open  to  question 

Belmont  County  has  a great  potential  for  recreation  or  for 
mining.  The  question  is  whether  the  two  can  be  made  compatible  by 
strict  control  of  future  mining  and  the  reclamation  of  previously 
stripped  land. 

Jefferson  County  Some  thirty  miles  of  the  Ohio  River  form  tlie 
eastern  border  of  Jefferson  Countv  Hi  1 1 and  bluffs  witli  rock- 
outcroppings  rise  400  to  500  feet  above  tlic  valley  floor  Forest 
cover  is  excellent  along  the  entire  river  which  retains  a natural 
configuration  except  in  the  Steubenville  area.  Steep  wooded  stream 
valleys  running  to  the  Ohio  provide  additonal  scenic  interest  The 
entire  corridor  offers  excellent  recreation  potential.  All  of  the 
county  is  rugged  and  picturesque,  with  extensive  forest  cover  .Nar 
row  ridge  tops  and  steep  valley  walls  result  in  short,  fast  drain 
age  runs  to  the  Ohio.  Soils  tliroughout  the  countv  are  sliallow  and 
stony,  and  with  the  steep  topography  are  uiisuited  for  cultivation 
The  recommended  use  is  lor  retention  in  forest  cover  Other  soils 
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arc  interspersed  which  can  be  adapted  to  production  of  legumes  and 
prasscs.  but  erosion  control  must  be  practiced. 

The  county  is  dominated  by  the  Steubenville  urban  area.  Indus- 
trial development  generallv  has  been  confined  to  the  river  valley, 
due  to  the  topography  which  has  dictated  highway  locations  and 
transportation  modes,  and  the  water.  Principal  routes  are  Ohio  7 
on  the  river  and  the  east-west  routes  of  State  43  and  US  22.  Local 
roads  in  most  cases  are  limited  to  narrow  ridge  tops. 

The  1970  Ohio  Recreation  Plan  says  that  strip  mining  operations 
have  affected  25,000  acres  and  tliat  active  mining  is  still  taking 
place.  A 1972  report  indicates  that  nearly  27,000  acres,  over  lOt 
of  the  countv  area,  have  been  stripped.  The  1908  Bureau  of  Mines 
report  cites  recoverable  strippable  resources  of  515.5  million  tons 
with  an  average  coal  seam  of  47  inches  thickness. 

Yellow  Creek,  in  the  northern  portion  of  the  county,  is  the 
most  significant  interior  water  course.  Tt  is  continuously  affected 
by  acid  mine  drainage  to  the  Ohio  River  as  is  its  North  Fork.  .Simi- 
larly affected  are  Cross  Creek,  Short  Creek  and  smaller  streams 
tributary  to  these  streams  and  to  the  Ohio.  A .Tefferson  County 
Reclamation  Area  of  1,000  acres  is  a pilot  proiect,  attempting  to 
deal  with  the  problems  of  acid  drainage,  erosion  and  the  need  for 
reveretat ion . 

^ rural  and  sparsely  developed  county. 

There  are  no  cities  and  the  largest  community  is  the  Village  of 
Cadiz  with  a 1970  population  of  3.000.  The  topography  is  hilly,  and 
the  soils  ranee  from  sandstone  based  soils  that  remiire  erosion  con- 
trol. in  the  eastern  section  of  the  countv,  to  highly  acidic  but 
fertile  soils  in  some  western  areas.  In  l^etween  there  is  a variable 


section  of  soils  developed  on  sandstone  and  snale,  tiiat  are  low  in 
fertility,  organic  materials  and  lime.  Iney  are  generally  adapted 

for  hay  and  past  me  i.  lops,  hiil  in  •ome  aieas  may  hr  underlain  witn 

acid  snale,  reducing  tneir  agricultural  response. 

Much  of  tne  county  has  been  mined  for  coal.  liie  most  recent  ! 

indication  is  that  nearly  50,UUU  acres  have  been  alfected,  more  tnan 

18o  of  the  acreage  in  the  county.  The  rJ7U  Ohio  Recreation  Plan 

1 

says  that  this  has  given  tlie  county  "a  rugged,  desolate  appearance," 
while  the  1972  Ohio  Almanac  states  flatly  "much  of  the  county  has 
been  spoiled  by  coal  strip  mining  operations."  further  stripping 
may  be  expected  since  191.4  million  tons  of  recoverable,  strippable 
coal  remain,  according  to  the  19u8  Bureau  of  Mines  report.  The 
average  coal  bed  thickness  in  the  county  was  reported  to  be  51  incnes  . 

The  negative  impact  of  strip  mining  was  addressed  in  the  1909 
report  of  the  Harrison  Regional  Planning  Commission.  coal  nad  been 

* 

mined  in  Harrison  (.bounty  since  its  early  history,  but  it  did  not  i 

rank  high  as  a coal  producing  area  ol  tne  state  until  tne  Hanna 

Company  began  its  strip  mining  activities  in  tne  1930 's,  due  to 

the  large  capital  investment  of  tne  Hanna  Company  in  strip  mining 

equipment  of  greater  size  and  maneuverability,  the  county  nas 

become  a major  coal  producing  area. 

Until  the  beginning  of  large  scale  stripping,  the  county  had  ' 

been  basically  agricultural  and  farming  still  plays  an  important  i 

role  in  its  economy.  However,  there  has  been  a steady  decline  in 
both  the  number  of  farms  and  the  acreage  due  to  strip  mine  activity. 

Of  the  263,040  acres  in  the  county,  160,000  were  used  for  agriculture 
in  1959.  By  1964,  only  130,000  acres  were  devoted  to  farming  and 
the  number  of  farms  had  declined  from  8u3  to  ubJ.  The  county  has 
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Jcclinod  in  i)oi)ulation  during  the  past  twenty- live  yeais,  and  much 
ol'  tnis  has  hcen  attributed  to  the  eflects  oi  strip  mining.  In 
It’ 10  , .’0,"1'  [jersons  resided  in  the  county;  in  10  70,  tne  population 
iiad  iallen  to  1 “ , 0 1 5 . Losses  were  recoi'ded  in  nearly  all  communi- 
ties duiiiis  tne  [leriod,  but  tne  largest  losses  were  registered  in 
tnose  townsiiips  wnere  strip  mining  wa-^  active.  Di  tne  lOlO-lOoO 
I'opulation  loss,  eignty-six  percent  U-it  from  areas  of  strip  mining 
ac  t i vi t y . 

In  lOos,  coal  companies  owiunl  70'.'.  ol  the  surface  of  Harrison 
fount  y,  or  3.7,00  0 acres.  .-it  that  time,  11,000  acres  had  already 
been  stripped  with  a residual  desolatii'ii  tyiiical  of  unreclaimed 
stripmined  land.  .^lining  lemains  tne  most  important  economic  activit 
of  the  countv.  Altiiough  the  total  is  now  mucli  lower,  tne  I’lanning 
fommission  mported  a 10o~  employment  of  7,!40  persons  in  mining, 
some  .tn ‘o  o i'  employment  in  tne  county.  In  tne  same  year,  tne  mining 
payroll  accounted  for  of  tne  total  payroll  in  the  county. 

ill  spite  of  tne  fact  tiiat  strip  mining,  past  and  present,  domi- 
nates tile  pnysical  cnaracter  of  tne  count  i’,  tne  Unio  department  of 
.Natural  Resources  considers  tne  area  to  nave  unusual  iiotential  for 
recreational  use.  .Among  its  assets  are  tne  c 1 eiidenn  i ng  and  iappan 
Lakes,  wnicii  are  included  witn  over  1 l,i'hd  acres  admi  n i s t e red  uy  tne 
Muskingum  Lonservancy  District.  liiere  is  some  indication  that  pol- 
lution may  be'  developing  in  tiie  watersiied,  hut  the  most  iieavil)'  pol- 
luted stream:'-  are  in  the  eastern  jiart  of  tne  county  wiuie  -Short 
creek  and  cross  creek  are  continuousl>  polluted  on  tiieir  way  to  the 
Ohio  Kivei'.  Ihe  Harrison  count)  Kei.  lamat  ion  .Area  is  an  attempt  to 
repair  1.7(h)  acres  of  land  ceded  to  tne  state.  The  control  of  acid 
drainage  and  erosion  as  well  as  revegetation  is  necessary  to  reclaim 

what  the  strippers  left  as  ”a  totally  worthless  area.” 
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1 1 . Conclus ion 


It  is  to  be  hoped  that  tiie  new  Ohio  strip  mine  law  and  its 
administrators  will  effectively  control  the  environmental  residuals 
of  strip  mining  in  the  future,  rc(.- 1 a i m i ng  the  land  while  its  being 
stripped,  to  a utility  and  value  ecjual  or  higher  than  its  prior  use, 
and  will  prohibit  unequivocally  the  mining  of  unreclaimable  land. 
However,  the  diseconomies  that  liave  already  been  visited  upon  tens 
of  thousands  of  acres  by  the  coal  miners--the  destruction  of  scenic 
value,  the  loss  of  productive  capacity,  the  banisnment  of  competing 
uses  by  either  Human  or  wildlife,  tne  unrelenting  poisoning  of  the 
waters  for  tne  distant  user,  tne  demoralization  of  tne  local 
communi ty - - tnese  remain  Pernaps  no  otner  single  enterprise  inflicts 
so  devastating  an  effect  on  so  wide  a Hand  of  numan  concerns,  from 
the  environment  tnrough  ii'any  socio-economic  concerns  to  esthetics 
and  public  hcaltii.  Bv  the  same  token,  all  of  these  self-same  ills 
may  be  addressed  bv  a long  term  commitment  to  an  effective  recla- 
mation of  the  devastated  land. 

Ihe  use  of  sludges  from  wastewater  treatment  is  obviously  not 
a panacea.  Its  fuction  must  be  limited  to  the  re-establishment  of 
the  organic  clia  rac  t e r i s t i cs  of  the  fertilization  of  the  soil.  Never- 
theless, it  is  a vital  function  on  wnich  depends  the  quick  revege- 
tation and  its  long  term  cs  tab  1 i sliment  to  prevent  erosion  and 
sedimentation  and  to  limit  tiie  oxidation  of  surficial  materials. 

This  pnase  must  be  preceded  by  appropriate  backfill,  grading  and 
contouring  to  usal’le  slopes  and  tne  es  tab  1 i snment  of  necessary  drain- 
age or  retention  as  required. 

Vet  ti)o  quanlity  of  sludge,  so  ovcrwnelming  at  a treatment  plant, 
is  limited  in  tne  lace  of  tne  task  of  re  i.  1 ama  t i on . Ihe  quantity  of 
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sludge  tuat  may  do  spread  will  be  a function  of  tne  soil  cnaracter- 
istics,  tne  Land  use  or  intended  crop,  and  tne  type  and  solids  content 
of  the  sludges.  Some  authors  indicate  that  up  to  several  hundred 
tons  per  acre  may  bo  profitably  used  on  stripmined  area.  Its 
effectiveness  in  tills  regard  has  been  demonstrated  time  and  again. 

The  significance  of  the  use  of  sludges  for  strip  mine  reclamation 
will  be  two-fold.  On  the  one  hand,  it  will  constitute  a recognition 
of  a "waste"  material  as  a resource  out  of  place  and  provide  a means 
for  its  utilication  for  the  forseeable  future.  On  the  other  hand, 
it  will  become  a focal  point  for  a continuing  commitment  to  tne 
stripmined  area;  part  of  a multi-purpose  response  that  would  relate 
water  resources  planning  to  tne  solution  of  a wnole  array  of  numan 
problems.  it  would  be  an  excellent  recognition  of  the  Water  Resources 
Council  desires  tiiat  tne  development  of  water  and  water  related 
resources  Lie  supportive  of  tne  broadest  goals  and  objectives,  and 
not  just  development  for  its  own  sake. 
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ANALYSIS  OF  WASTEWATER  PROJECTIONS  FOR  THE 
CLEVELAND-AKRON  METROPOLITAN  AREA 

1 . Introduction 

The  projection  of  future  wastewater  treatment  requirements, 
the  flow  and  pollution  loads  from  industrial  and  municipal  sources, 
are  the  essential  criteria  for  determining  the  design  capacity  of 
all  plan  alternatives.  If  planning  is  to  be  effective,  in  terms 
of  achieving  water  quality  objectives  on  a least-cost  basis  for  the 
long-range  future,  an  examination  of  the  assumptions  underlying  tlie 
design  projections  for  both  municipal  and  industrial  wastewater 
becomes  a critically  significant  concern  in  the  evaluation  process. 

The  following  discussion  first  outlines  the  determinants  of 
industrial  and  municipal  wastewater  projections  as  provided  for  the 
alternative  plans.  An  examination  of  recent  literature  indicates 
several  considerations  which  serve  as  a general  base  from  which  to 
assess  the  reasonableness  of  these  projections;  (IJ  some  guide- 
lines relating  to  use  of  projections  in  water  resources  planning; 
(2)  recent  trends  in  the  general  patterns  of  municipal  and  indus- 
trial water  uses  with  indication  of  potential  influences  on 
current  water  use  and  wastewater  flows;  and  (.3)  census  projections 
of  population  growth,  and  the  relationship  of  population  increases 
to  economic  growth  and  to  future  pollution  estimates.  irom  t lie 
standpoint  of  these  general  considerations,  the  factors  deter- 
mining the  study  area's  wastewater  projections  are  analyzed,  with 
attention  particularly  directed  toward  tlie  influences  for  cliange. 
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2,  Assumptions  Relating  to  Re}]ional  Projections  of 


Industrial  and  Municipal  Wastewater 

Population  projections,  an  essential  determinant  of  future 
wastewater  flows,  were  based  on  the  Battelle  model  whicii  manipulates 
1970  census  base  data  with  botli  demographic  factors  (birtli,  death, 
and  migration  in  indivitiual  counties  and  communities)  and  economic 
factors  (employment,  unemployment,  and  the  size  of  the  available 
labor  force  affecting  the  structure  of  major  industrial  classifica- 
tion). Tliis  population  data  was  used  in  both  municipal  and  indus- 
trial wastewater  projections. 

Municipal  wastewater  projections  tool;  account  of  the  relation- 
ship of  land  use  clianges  to  population  increases,  with  data  obtained 
on  land-use  projections  from  local  planning  agencies  and  compiled 
into  land-use  composition  maps  for  tlic  study  area.  Tlie  per  capita 
flow  of  municipal  wastewater  was  estimated  at  110-150  gped  (gallons 
per  day  per  capita)  for  tlie  study  area,  based  on  1970  population 
data  and  on  1970  wastewater  treatment  plant  records  (industrial  flows 
deducted).  Pollution  loads  were  calculateu  from  current  records  and 
other  available  data.  Projections  of  ftiturc  municipal  wastewater 
flo\;  and  pollution  loads  were  derived  from  these  base  factors,  witli 
some  consideration  being  given  to  potential  influences  on  base  flows 
(altl'.ough  no  drastic  changes  from  existing  patterns  were  anticipated) 
Various  reuse  possibilities  were  discussed,  with  tlio  necessity  of 
improved  wastev/ater  trer*'mcnt  empliasized  before  successful  reuse 
could  be  implemented. 

Projections  of  industrial  wasteloads  \.ere  based  on  tlic  stated 
assumption  that  future  industrial  wasteloails  would  t)c  influenced 
both  by  industrial  growtli  and  by  changing  water  use  practices  in 
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iiulustry.  An  overall  forecast  was  made  that  productivity  will 


increase,  tlic  cost  of  water  will  increase,  and  tlie  rate  of  employ- 
ment p.rowtli  will  decrease. 

The  projections  employ  population  growtii  and  imlustrial  employ- 
ment, rather  tiian  production  figures,  as  an  indicator  of  industrial 
grov/tli  in  the  study  area.  Population  growth  data  derived  from  tlie 
Battelle  projections  previously  mentioned.  LmpJoymcnt  growth  is 
estimated  from  a preliminary  analysis  of  past  trends:  between 

1940-50  , total  employment  in  the  si::  counties  of  the  Three  Rivers 
Watershed  grew  at  an  average  annual  rate  of  3.0;,;  between  1950  -60  , 
the  rate  dropped  to  an  average  annual  1.5";  and  1960-70  showed  a 
0.4^i  annual  average.  Tlie  future  assumption  is  an  expectation  of  an 
average  annual  employment  growth  rate  of  0.7®  during  the  50-year 
j)rojection  period.  Furthermore,  uneoual  growtli  is  expected  among 
industries,  with  e:nployment  in  manufacturing  estimated  at  an  assumed 
annual  average  of  0 . - -one -half  the  growtli  rate  of  the  three  pre- 
vious decades.  The  majority  of  the  growtii  is  anticipated  in  the 
Cleveland  and  Akron  areas.  Uncmployrient  in  the  study  area  is  pro- 
jected to  increase  from  less  tiian  4®  in  1970  to  9.4®  in  2020  . 

Concerning  changes  in  water  use  practices,  projections  were 
made  suggesting  that  all  industries  would  employ  advanced  levels 
of  technology  in  production  methods  by  2020,  although  at  different 
rates  within  the  50-year  period  according  to  tlieir  present  level  of 
process.  For  each  decade,  the  number  of  plants  using  eacli  level  of 
technology  was  expressed  as  a percentage  of  tlie  total  number  of 
plants  in  the  industry.  The  relationsliip  of  advanced  technology 
to  water  use  was  assumed  to  differ  between  two  broad  industrial 
categories:  in  all  industries  except  tlie  steel  industry,  waste 
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volumes  and  constituent  loadings  are  expected  to  decrease  with  tlie 
nev.'cr  technology,  while  in  steel  and  fabricated  metals  industries 
wasteloads  will  increase  with  newer  technology. 

Tlie  industrial  wastewater  projections  additionally  allow  for 
in-liouse  effort  by  industry  to  minimize  water  use  and  product  spills. 
Values  derived  from  an  unpublished  study  analyzing  several  abatement 
programs  from  various  industries  are  made  part  of  the  projection 
assumptions  - -e  .g . a 14^  decrease  in  wasteloads  is  assumed  to  result 
from  education  and  in-plant  changes.  (The  projections  assume  that 
tliese  clianges  would  be  fully  implemented  by  the  year  1990  and  that 
no  additional  decreases  due  to  these  factors  would  be  noted  after 
that  year.) 

Industrial  water  reuse  is  given  brief  discussion,  v/ith  the 
note  made  that  recycling  incentives  are  not  well  established.  Treat- 
ment of  wastes  in  combined  industrial  facilities  were  examined. 
However,  it  v;as  assumed  that  t.ic  costs  to  individual  industries 
of  transporting  \.'astes  and  the  potential  complication  caused  by 
variable  changes  in  industrial  manufacturing  processes  would  constrain 
any  successful  implementation. 

5 . Use  of  Projections  on  U'ater  Resource  PI  anning  - - Some 
Hcncral  Considerations 

Projections  of  future  treatment  needs  for  the  design  of  waste- 
water  management  systems  have  traditionally  been  determined  by 
straight-line  forecasts  relating  historical  w'ater  use  to  projected 
increases  in  those  variables  which  determine  water  use;  population, 
economic  activity,  some  indication  of  future  land  use,  and  any 
"expected"  clnanges  in  technology  affecting  water  consumi^t  ion . How- 
ever, tlie  accuracy  of  str  aiglit  - 1 inc  projections  is  inhibited  l)y  tlic 
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uncertainties  associated  with  tiiose  several  determinants.  Furtlier 
more,  significant  influences  on  future  water  requirements  may  be 
unrelated  to  the  variables  of  historical  rates.  The  introduction 
of  new  variables  adds  to  the  concern  over  accurately  forecasting 
system  needs.  Some  basic  probabilistic  influences  not  accounted 
for  in  straight-line,  deterministic  projections  include  tlie  inter- 
relationship of : 

(1)  socio-economic  phenomena  and  life-style  changes -- changing 
groA\’th  rates  and  patterns  of  distribution 

(2)  water  resources  policy  and  strategies  of  implementa- 
tion- -response  to  increased  treatment  costs,  attitudes 
of  intensified  environmental  awareness,  institutional 
regulation,  public  education,  etc. 

(3)  technological  developments  - -impacts  or  water  consumption 
rates  and  the  relative  volume  and  pollution  of  dicharges, 
innovations  in  wastewater  treatment  methods. 

(4)  physical  phenomena- - finite  base  of  water  supply,  as  well 
as  otlier  natural  resources  related  to  water  use,  treat- 
ment requirements,  etc. 

There  is  an  increased  awareness  in  water  resource  planning  of 
the  concept  of  "alternative  futures"  in  tlic  forecasting  procedure. 
Although  methods  for  projecting  alternative  futures  necessitate 
probabilistic  ratlier  than  deterministic  modeling,  a range  of  anti- 
cipated future  outcomes  provides  a more  accurate  base  for  planning 
than  the  single -number  projection  determined  by  a straight-line 
model . 

hffcctivc  pollution  abatement  strategies  are  decisive  in  trans 
lating  water  quality  objectives  to  reality.  Tb.e  present  direction 
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of  federal  clean  \.atcr  policy  anticipates  a progran  of  751 
zation  of  minicipal  treatment  facilities,  to  be  planned  on  a regional 
scale,  v.'ith  industries  contributing  their  sliare  of  treatment  and 
plant  amortization  costs  for  wastes  discharged  to  tlie  municipal 
system.  However,  a reviev;  of  recent  construction  activity  has 
revealed  numerous  instances  of  municipal  systems  designed  for  sub- 
stantial over -capacities , as  well  as  unwarranted  sewer  connections, 
rurthermore,  the  regulation  of  industrial  discharges  has  raised 
several  questions,  among  then,  the  necessity  of  separate  industrial 
treatment  or  pretreatment,  as  opposed  to  municipal  systems  designed 
to  accommodate  the  to.xic  constituents  characteristic  of  many  indus- 
trial wastes.  Appropriate  strategics  for  industrial  treatment  regu- 
lation, e.g.,  subsidization,  surcliargcs , or  otlier  cost  alternatives, 
the  probable  cliangc  in  discharges  by  industry  in  response  to  treat- 
ment cliarges  and  the  impact  of  industrial  treatment  charges  on  the 
regional,  national  and  international  economies  arc  also  under  question. 
Adilitional  ] y , concerted  efforts  have  been  directed  to  emphasizing  the 
necessity  for  tlic  interrelationship  of  water  quality  objectives  to 
l)roader  , mul  t i -secto  ria  1 jilanning  ol>  j ect  ives  - - a practice  rarely  found 
in  traditional  planning  activities. 

Considering  tliat  achievement  of  water  quality  objectives  in- 
volves the  allocation  of  Imge  expenditures,  and  an  even  greater 
amount  for  " zero  - discharge ' standards,  critical  concern  is  directed 
to  providing  least-cost  alternatives  to  aclucvc  an  effective  abate- 
ment. Consequently,  tl'.c  development  of  projections  whicli  set  the 
size  and  capacity  of  the  treatment  system,  warrant  the  most  critical 
attention  to  prevent  overdesign  and  overspending . 
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T]ie  commeni.s  of  the  National  Water  Commission  on  the  need  for 
adapting  tlie  alternative  futures  concept  to  planning  for  water 
resources,  emphasize  that  a consideration  of  botli  needs  and  oppor- 
tunities is  necessary  in  exploring  alternative  futures,  c.g.,  needs 
being  a forecast  based  on  projections  of  past  trends  in  distribution 
of  population  and  economic  growtli;  opportunities  representing  planned 
departures  from  such  projections  to  correct  imbalances  and  to  take 
advantage  of  changing  situations.  Furtliermore , they  point  out  that 
the  uncertainties  of  probable  influences  on  the  future  must  be  con- 
sistently assessed  in  tlie  planning  process  : "At  any  particular 

point  in  time,  planners  should  recommend  commitment  of  resources 
only  for  the  short-term  future  to  the  maximum  feasible  degree,  and 
retain  as  many  long-term  options  as  possible." 

4 . Trends  and  Future  Influences  in  Municipal  and  Industrial 

Water  Use 

An  analysis  of  current  v\;ater  use  as  related  to  major  point 
sources  of  wastewater  will  provide  an  indication  of  what  determines 
current  use  patterns  and  of  factors  which  may  alter  these  patterns 
in  tlie  future. 

(a)  Municipal  Domestic  Water  Use 
Urban  water  use  is  generally  considered  as  combined  domestic 
(residential),  municipal -publ ic , commercial,  and  industrial  demands. 
Varying  estimates  of  urban  demand  can  be  found;  an  average  of  155 
gallons  per  capita  per  day  for  water  consumption  in  cities  by  the 
U.S.  Geological  Survey  (1967).  However,  the  variability  of  urban 
water  demands  in  different  localities  is  indicated  in  a 1964  Public 
Health  Service  study,  evidencing,  a variance  of  total  use  from  47  7. mgd 
to  10.  mgd  in  communities  of  25,001)  and  over.  The  current  demand 
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aiul  future  trends  were  reported  for  urban  water  use  by  the  .National 


Water 

Institute 

(1968)  ; 

Yea  r 

Domestic 

Public 

Commercial 

Industrial 

Total 

1963 

75 

20 

28 

56 

157 

1980 

77 

IS 

28 

40 

165 

2 0 U 0 

81 

16 

28 

45 

168 

2020 

8 5 

14 

28 

45 

170 

Alternate  estimates  of  proportionate  demantis  of  sub-groups  of  urban 
water  use  are  reported.  A 19S5  U.  S.  Public  Health  Service  Survey 
of  20b  cities  reported  an  average  breakdovm  of:  41'.  residential; 

liS^u  commercial;  24%  industrial;  17%  public  and  other  use.  A Resources 
for  the  future  study  in  the  early  1900 's  estimated  urban  water  de- 
mand accounting  for  only  5%  of  all  water  use  in  1960  with  a break- 
do\.n  of  60  gpd  domestic,  26  gpd  commercial,  anti  25  gpd  municipal. 

domestic  demand  involve  the  following  uses,  with  proportionate 
average  rates  estimated  by  the  U.  S.  Geological  Survey  (1964): 


riusliing  toilets 

41% 

Washing  clothes 

4% 

V.asliing  8 batliing 

57% 

General  houseliold 

Kitciien  use 

6% 

cleansing 

5% 

Drinking  water 

5 % 

Watering  garden 

5% 

Wasliing  car 

1% 

An  alternative  breakdown  is  provided  by  a Resources  for  the  Future 
stutly  team  for  in-house  water  uses  (1971):  drinking  and  cooking  - 5%; 

l)atliing  and  personal  uses  - 50%;  laundry  and  dishes  - 20%;  and  toilet 
f 1 us  h i n g - 4 3%. 

Altliougli  population  is  the  most  significant  determinant  of 
water  demand,  factors  sucli  as  climate,  income,  type  of  liousing, 
population  density,  and  price  of  water  liave  all  been  shown  to  liave 
measurable  effects  on  tlie  per  capita  consumption  of  water.  Waste- 
water  flows  nearly  matcli  t!ic  witiulrawal  rates  for  domestic  water 
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supplies,  considering  that  little  total  depletion  occurs  among 
various  domestic-residential  water  uses.  Approximately  89 » of  all 
in-house  water  returns  to  tlie  sanitary  sev;age  system.  However,  in 
estimating  the  total  municipal  water  use  patterns,  it  has  been  gener- 
ally acknowledged  tliat  a significant  volume  may  be  ''unaccounted  for 
V\,’ater''  caused  by  various  municipal  water  system  losses.  Although 
accurate  data  on  "unaccounted  losses"  is  unavailable,  a concern  for 
the  additive  effect  on  v;astewater  and  for  water  supply  depiction 
merits  attention  to  loss  prevention.  Many  factors  have  been  found 
to  affect  the  loss  experience  of  systems,  the  most  prominent  being 
age,  materials  used  in  construction,  physical  and  chemical  properties 
of  the  soil,  properties  of  the  water  pressure,  and  programs  of  past 
maintenance.  .Some  current  research  has  reported  a list  of  several 
types  of  avoidable  leakage:  (1)  broken  mains  and  joint  leaks; 

(2)  active  service  leaks  (between  tiic  main  and  customer's  meter); 

(3)  leakage  from  hydrants;  (4)  inactive  service  leaks;  and  (5)  sewer 
flusher  leaks  . 

Recent  studies  of  the  major  variables  influencing  current 
residential  water  use  rates  have  found  that  population  size,  average 
income  and  distribution  are  significant  determinants  of  varying  use 
patterns.  Demand  rates  have  appeared  responsive  to  price  increases 
only  for  sprinkling  use,  and  this  relationship  is  generally  restricted 
to  areas  where  residential  water  use  is  metered.  In  flat -rate  areas, 
peak  demands  have  been  found  to  be  more  than  double  those  in  metered 
areas  because  of  high  sprinkling  demands,  even  in  tlic  same  climate. 

Althougii  future  domestic  water  demands  may  be  directly  related 
to  projected  population  growt!>,  uncertainties  associated  witli  ferti 
lity  rates  and  life  style  variations  cloud  the  reliability  of  long - 
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ranpc  population  forecasts.  Furthernore , a range  of  factors  not 
directly  expressed  in  current  water  use  rates  will  have  a probable 
inpact  on  future  domestic  water  demands  and  treatment  requirement. 

These  considerations  include  changes  in  the  technology  of  use, 
possible  regulation  and/or  increase  in  the  cost  of  water  supply, 
types  and  distribution  of  housing  dev'e lopment  , and  public  attitudes 
concerning  environmental  quality  objectives. 

Considering  the  current  trend  of  use  and  t!ie  increasing  types 
of  domestic  water -using  devices,  it  may  be  predicted  that  the  future 
v.'ill  bring  an  increase  both  in  types  of  technologies  and  prevalence 
of  tiieir  use.  At  t]ie  same  time,  liowev'cr,  v.'atcr- s aving  teclinologies 
are  currently  available  to  reduce  domestic  use  of  some  standard  water- 
using devices.  The  predictability  of  wide-scale  adoption  of  such 
technologies  is  dependent  on  the  economic  incentive  to  the  domestic 
water  consumer. 

A recent  study  by  Resources  for  the  Future,  Inc.  examined  the 
relative  economics  of  water-saving  devices  against  standard  models, 
for  toilets,  showcrlieads , and  automatic  washers.  Tlic  water  demands 
for  standard  toilet  models  range  fron,  about  3.2  to  3 or  more  gallons 
per  use.  V.’atcr -saving  models  arc  currently  available  v.hicli  use  approx- 
imately 00"  of  the  volume  of  traditional  models  and  cost  only  slightly 
more.  Assuming  the  current  average  cost  of  water  at  3.40/1,000  gal- 
lons, tlie  researchers  estimated  only  a sliglitly  liigher  expense  to 
the  homeowner  for  replacement,  as  needed,  of  normal  cqui]iment  with 
a water-saving  model,  while  immediate  replacement  would  involve  a 
relatively  .substantial  expense. 

Personal  batb.ing  demands  an  estimated  303  of  total  in-house 
water  \isc,  \;itli  some  003  of  tliat  spent  showering, . hater  use  in 
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sliowering  could  be  halved  by  adoption  of  currently  available  shower 
lieads  which  restrict  tlie  passage  of  water,  presumably  witliout 
greatly  affecting  tlie  quality  of  tlie  batli.  IVliile  tlie  cost  of  re- 
placement is  minimal  to  the  domestic  consumer,  tlie  incentive  to 
cliange  may  be  inhibited  by  perceived  quality  deficiencies. 

Automatic  home  washers  demand  a range  of  water  needs  from 
32  to  59  gallons  per  8-pound  load.  Lower  water-use  models  are 
generally  more  expensive,  but  tlie  cost  is  relatively  low  if  pur- 
chased as  a normal  replacement  of  the  less  expensive  machine  with 
heavy  water  demand.  Consumer  response  may  be  significantly  related 
to  programs  of  public  education  on  needs  for  conserving  wattr . 
Additional  technological  advances  related  to  domestic  laundering 
demands  include  "no -suds"  and  "no-rinse"  washing  methods.  Although 
"no-suds"  technology  is  currently  available,  v;ide-scale  adoption 
is  constrained  by  consumer  perceptions  associating  cleansing 
effectiveness  with  sudsiness.  Some  potential  for  future  "no -suds" 
methods  may  be  implied  from  a growing  consumer  response  to  bans  on 
phosphate  detergents,  indicating  an  awareness  in  the  public  to  the 
need  for  alleviating  water  pollution  by  changes  in  their  domestic 
habits  . 

An  increasing  level  of  affluence  in  recent  years  lias  been 
associated  witli  tlic  increases  in  more  in-liouse  water-using  appliances 
as  well  as  both  outdoor  and  indoor  swimming  poo’s.  Ihat  new  liomes 
are  being  equipped  with  a larger  number  of  water-using  fixtures  is 
j evidenced  by  data  on  PIIA- f inanced  s i ng  le  - fami  ly  homes;  in  1950, 

50.71>  of  the  new  homes  anil  24. 5«  of  the  existing  hones  had  more  than 
one  bath;  in  1968  the  percentages  were  71. ()o  and  40. Oi  respectively, 
food  waste  disposers,  automatic  dishwashers  and  a i r -cond i t ioners  are 
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amonp  relatively  recent  technologies  increasingly  used.  The  food 
v.’aste  disposer  introduced  a nei-/  in-house  use  for  water  and  did  not, 
as  did  tlie  dishwasher,  merely  mechanize  an  old  joli.  Both,  liowever  , 
contribute  acMitional  demands  on  domestic  water  use  and  wastewater 
loads . 

It  is  generally  acknowledged  in  the  literature  that  the  use  of 
water-saving  domestic  devices  and/or  less  use  of  typos  of  water-using 
tccimo log ics  will  probably  be  determined  more  by  tlio  response  of 
the  building  industry  than  of  individual  residents,  liowever,  an 
intensification  of  environmental  awareness  among  the  general  public 
may  translate  to  their  conserving  use  of  water.  Turthermore,  water 
sliortages  in  metropolitan  areas  may  initiate  regulation  and  price 
increases  by  municipal  water  agencies,  and  thus  potentially  impact 
the  residential  water  users'  habits. 

Housing  type  and  density  botli  influence  water  use  for  domestic 
purposes.  Recent  analyses  suggest  that  somewhat  lower  use  per 
capita  of  water  prevails  in  large  urban  areas  C'''hon  industrial  use 
is  excluded)  tlian  in  smaller  cities  and  towns,  duo  to  tlie  prevalence 
of  apartments  and  otlier  multi-family  dv;el  1 Ing.s  - - this  is  largely  be- 
cause of  less  lav;n  area  requiring  sprinkling.  A further  explanation 
suggests  reduction  of  peak  total  demands  for  water  in  multi-family 
housing,  presumably  because  tiic  peak  demands  of  individual  families 
occur  over  a v.ide  spread  of  time  and  offset  one  anotlier.  Recent 
trends  to  large  open-S]iace  tracts  in  RUD's  may  somewhat  offset  the 
variance  currently  observed  in  sprinkling  dcmandi  for  multi-family 
nous ing  . 

file  distribution  of  residential  laml  use  densities  as  anti- 
cijiated  for  continuation  of  suburban  development  will  significantly 


influence  future  wastewater  treatnent  requirements.  LPA  analysts 
have  expressed  concern  over  recent  evidence  that  scv/erecl  population 
is  generally  rising  at  a faster  rate  than  population  alone,  with 
soil  absorption  systems  being  phascu  out  and  centralized  systems 
constructed.  Although  in  instances  of  dense  development  and  poor 
soil  conditions  this  conversion  may  be  necessary  and  desirable, 
analysts  caution  that  for  smaller  communities,  not  expected  to  grow. 

It  may  be  more  economical  to  renovate  the  septic  tanks  and  drain 
fields  rather  tlian  provide  sewer  extensions.  A related  consideration 
is  the  recognition  that  more  effective  controls  arc  needed  in  land-use  j 

planning,  to  ensure  desirable  patterns  of  development  as  well  as  the  ^ 

provision  of  adequate  water  supply  and  treatment  systems. 

Analysis  of  current  municipal  treatment  construction  activity 
by  the  bPA  Office  of  Water  Programs,  Division  of  Planning,  has  led 
to  some  expressed  opinions  by  liPA  administrators  that  a ''module- 
construction"  approach  may  be  more  cost  effccti\e  than  long-range  ^ 

projection  designs.  It  is  emphasized  that  flexibility  could  be  ' 

maintained  to  respond  to  slower  community  growth,  new  technology,  or 
new  treatment  requirements,  with  sunk  cost  minimized  and  operation 
costs  lower  for  the  service  providctl.  In  general,  because  of  the 

I 

uncertainty  attached  to  long-term  population  pro j ect ions  - - as  well  as  1 

other  determinants  of  future  water  use  ratcs--tlic  projection  period 
for  a wastewater  treatment  ''module"  sliould,  according  to  LPA  analysts, 
be  inversely  related  to  the  level  of  interest  rates. 
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Industrial  Water  Uses 


tb) 

Water  uses  by  industry  involve  a broad  range  of  activities 
which  generate  intensive  pollution  loads.  According  to  U.S. 
Geological  Survey  sources,  industry- -exclusive  of  electrical 
utilities- -acounted  for  14. 5o  of  water  withdrawals  in  tlie  U.S.  from 
1950-1965.  A comparative  estimate  is  provided  by  the  Water 
Resources  Council,  which  assess  1965  sel f - suppl ied  industrial  water 
withdrawals  as  approximating  11%  of  all  water  use  sectors.  The 
Council  indicates  that  only  some  11%  of  the  fresh  water  used  by 
industry  was  purchased  from  public  water  systems,  with  about  76» 
sel  f- suppl  ied  from  ground  water;  some  20°o  of  total  industrial 
withdrawal  was  obtained  from  saline  sources. 

In  1968  about  15.5  trillion  gallons  of  water  was  withdrawn 
in  the  U.S.  by  manufacturers,  whicli  represents  an  increase  of 
27.5"o  from  1959.  Of  total  industrial  water  use,  only  some  5-7o 
is  totally  consumed;  the  Water  Resources  Council  has  estimated  that 
the  manufacturing  sector  consumed  about  2.6  bgd  in  1965  through 
incorporation  of  water  into  product,  evaporation  and  unaccounted 
losses.  This  average  reflects  a relatively  wide  variation  of 
total  water  consumption  rates  among  different  industrial  classes. 

Water  provides  a number  of  productive  services  within  manu- 
facturing processes,  which  vary  among  different  classes  of  in- 
dustries. A number  of  products,  notalily  beverages  and  prepared 
foods,  incorporate  water  directly  into  tiie  product.  Water  is  used 
to  transport  materials  in  a manufacturing  jtrocess,  and  is  incor- 
porated in  various  chemical  processes  of  production.  A common  use 
of  water  by  industry  is  for  cleansing  inii'iioses,  to  transport  or 
flush  away  residual  matter  wtiich  is  tlie  inevital'le  liy-product  of 


manufacturing  processes  that  must  be  carried  away  to  prevent  counter- 
productive effects.  By  far  the  largest  proportion  of  water  used 
by  industry  is  for  cooling  purposes  - -over  b5°o  of  total  industrial 
water  use.  Cooling  water  is  used  to  absorb  the  heat  arising  from 
the  difference  between  thermal  energy  generated  and  that  used  in 
production.  Evaporation  resulting  from  cooling  comprises  the 
largest  proportion  of  water  depletion  from  industrial  withdrawals. 

The  most  intensive  industrial  water  use  occurs  among  a limited 
number  of  manufacturing  establishments,  which  parallels  the  con- 
centration of  industrial  output  among  a relatively  few  large  firms. 
The  Water  Resources  Council  reports  that  less  than  10°6  of  total 
establishments  in  the  manufacturing  sector  accounted  for  over  75° 
of  total  production  in  1965.  Similarly,  water  use  was  concen- 
trated among  8,925  establishments  each  reporting  an  average  water 
withdrawal  of  55,000  gpd  or  more,  accounting  for  nearly  98°  of 
total  industrial  water  withdrawals  (as  reported  by  1964  Manu- 
facturing Census  data).  Furthermore,  the  most  intense  water 
demands  occur  within  a narrow  range  of  particular  Indus tri cs -- i n 
1964,  census  data  indicates  that  5,154  establishments  among  5 
major  industry  groups  (food  and  kindred  products,  pulp  and  paper; 
chemicals;  petroleum  and  coal  products;  and  primary  metals)  accounted 
for  88%  of  total  industrial  water  withdrawals. 

Industrial  sources  contribute  a large  portion  of  present  over 
all  water  pollution.  A 1970  EPA  national  assessment  attributed 
nearly  30%  of  observed  pollution  in  stream  liodics  to  industrial 
sources.  However,  both  the  volume  of  wastewater  and  pollution  loads 
vary  among  industrial  classes;  variance  among  individual  industrial 
sources  is  influenced  by  several  factors,  including  rates  of  evap 
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oration,  degree  of  recycling  and  in-house  water  management  prac- 
tices. 

A major  determinant  of  industrial  water  use  is  the  level  of 
industrial  output,  and  recent  trends  can  be  observed  for  the  heavy 
water-using  industries,  relative  to  production  growth.  Over  the 
period  1959-1968,  the  federal  Reserve  Board  Index  of  Industrial 
i’roduction  for  "Manufacturing”  classes  increased  59  o,  and  for  the 
five  major  water-using  industries,  relative  production  growth  was; 
food  and  kindred  products,  29 o;  Paper  and  allied  products,  49 o; 
Cliemical  allied  products,  94  V,  Petroleum  coal  products,  33  o; 
Primary  metals,  52V  Not  surprisingly,  industrial  water  intake 
over  the  same  interval  increased  for  most  industries,  and  in  most 
regions  of  the  country.  However,  the  1972  liPA  Cost  of  Clean  hater 
reports  that  growth  in  production  alone  does  not  account  for  the 
variation  in  rates  of  water  intake  increases  across  regions  and 
across  industries.  Their  analysis  of  the  data  reveals  tliat,  for 
the  period  1959-68,  the  percentage  variation  in  water  intake 
growth  explained  by  growth  in  value  added  (.production)  arc  only 
18  and  21  percent  for  regions  and  for  industries,  resiH'ct  ively , 
neither  of  which  is  statistically  s i gni f i cant - -eg . growth  in  water 
withdrawals  by  industry  has  not  licen  primarily  conditioned  by 
growth  in  industrial  production. 

Such  evidence  leads  to  the  assumption  that  industry  has 
responded  to  incentives  to  economize  on  water  intake,  possible  in 
response  to  tlic  price  of  water.  further  fl’A  analysis  of  the  data 
finds  that  tlie  increased  cost  of  water  supplies  s ign  i f leant  1 y 
correlated  with  industrial  practices  to  increase  tlie  productivity 
of  water,  both  by  process  changes  and  recycling  of  water. 
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The  discharge  of  industrial  wastes  similarly  was  found  to 
generally  be  lower  proportionate  to  production  growth,  but  the 
relationship  was  not  as  clear.  Several  conflicting  findings 
emerge  in  the  examination  of  industrial  water  use  related  to  waste- 
water  discharge  that  is  treated  was  estimated  as  371)  of  discharge 
in  1968;  however,  waste  treatment  growth  was  less  between  1964-68 
(3.1  percent  annual  rate  of  increase),  than  between  1959-1964 
(10.5  percent  annual  rate  of  increase).  The  portion  of  industrial 
effluent  discharged  to  public  treatment  facilities  dropped  from 
almost  9 percent  in  1959  to  little  more  than  7 percent  in  1968. 

In  attempting  to  explain  industrial  discharge  rates  as  a response 
to  institutional  water  quality  regulations  and  cost  of  treatment, 
the  relationship  was  not  as  clear  as  water  intake  decreases  ex- 
plained as  a response  to  increased  water  prices.  Also,  the 
pollution  characteristics  of  the  industrial  discharges  have  been 
found  in  some  cases  to  be  intensified  as  a result  of  process 
modifications  and/or  recycling,  although  wastewater  volumes  may 
dec  rease . 

The  assessment  of  charges  for  treatment  of  industrial  waste 
in  municipal  facilities  at  rates  equal  to  the  municipal  cost  of 
treating  the  industrial  wastes  may  partially  explain  the  lower 
percentage  of  industrial  discharges  to  public  facilities.  However, 
whether  tliis  directly  causes  more  economizing  on  water  in  industi  ial 
processing  is  not  readily  apparent.  A recent  study  on  the  impact 
of  surcharges,  (costs  levied  by  municipalities  on  industrial 
wastes)  revealed  the  following  average  results  for  cities  ol 
varying  sizes  and  locations: 
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1.  45"6  reduction  in  pounds  of  BOD  per  $1000  value  added  in 
manufacturing  would  be  expected  if  a modest  surcharge  of 
$27.00  per  1,000  pounds  of  BOD  were  introduced  where  none 
had  been  used  before.  This  surcharge  could  also  result 
in  a 42  percent  reduction  in  water  usage. 

2.  At  this  average  surcharge  of  $27.00  , an  increase  of  10"<, 
in  the  surcharge  [above  and  beyond  the  rate  of  inflation) 
would  be  expected  to  cause  an  8 percent  reduction  in  wastes 
and  a 6$  reduction  in  water  use.  Tlie  imposition  of  sur- 
charges could  have  even  larger  effects  if  industry  finds 

it  easy  to  move  to  another  city.  (Tiie  figures  iiere  assume 
the  cost  impact  is  not  great  enough  to  cause  industry  to 
relocate . ) 

3.  Assuming  a gross  marginal  price  of  water  of  $.40  per  1,000 
gallons,  a 10  percent  increase  in  the  real  water  rate  [above  and 
beyond  the  rate  of  inflation)  would  be  expected  to  cause  a 7” 
reduction  in  water  usage  and  about  a 10$  reduction  in  tlie  pounds 

of  industrial  wastes. 

Considering  these  current  trends  wliicli  demonstrate  changing 
rates  of  industrial  water  use  and  discharge,  accurate  projections 
become  complicated.  Therefore,  recognition  of  potential  future 
influences  liecomes  a critical  concern. 

While  industrial  water  use  is  mainly  a function  of  production 
growth,  straight-line  projections  must  adjust  to  uncerta ini t ies 
associated  with  underlying  assumptions  of  population  growth  rates 
and  employment,  as  well  as  potential  teclino  log  i es  wliicli  may  affect 
water  use  in  industrial  production  processes.  lAirthermore , the 
stringency  of  federal  clean  water  policy  imposes  treatment  require- 
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ments  and  costs  which  will  predictably  impact  industrial  water 
usage,  and  relative  discharge  rates  to  municipal  treatment  systems. 
However,  the  degree  and  direction  of  potential  impact  is  further 
complicated  by  a complex  range  of  factors  difficult  to  accurately 
forecast . 

An  important  consideration  is  the  type  of  strategy  employed 
to  implement  water  quality  standards  for  industry.  Recent  analyses 
debate  the  potential  effectiveness  of  various  strategies,  including 
alternative  or  combined  use  of  effluent  fees,  legal  enforcement, 
surcharges,  subsidization,  tax  reliefs,  etc.  Although  the  literature 
provides  numerous  discussions  from  both  private  and  government 
research  interdisciplinary  perspectives,  detailed  discussion  is 
not  possible  in  this  report.  However,  it  may  be  generally  noted 

|l  that  differing  impacts  of  industrial  behavior  generally  relate 

i: 

;i  to  the  type  of  incentives  provided  for  economizing  use  of  water 

in  production  and  attempting  to  lower  treatment  costs.  Clean 
water  policy  may  deter  the  adaptation  of  otherwide  pbllution-and/or 
water  use- increasing  technological  innovations  and  also  stimulate 
development  of  more  efficient  production  technologies. 

I 

I 

ij 

'i 
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Population  projections  are  an  essential  underpinning  for 
estimating  future  water  use  rates.  I'herefore,  a brief  analysis  is 
here  presented.  U.S.  Census  reports  on  lowered  future  population 
growth  assumptions,  and  the  relatiojiship  of  decreasing  population 
growth  rates  to  future  economic  activity.  The  associated  levels  of 
water  pollution  will  then  be  indicated,  with  some  consideration  of 
the  potential  changes  from  technological  development.  From  this 
framework,  the  impacts  of  federal  clean  water  policy  on  future  water 
use  rates  can  be  considered. 

U.  S.  Bureau  of  the  Census  population  projections  have  been 
lowered  consistently  during  the  past  several  years,  primarily  due 
to  the  trend  from  the  3-child  to  2-child  average  families.  Two 
years  ago  Census  statisticians  reported  a projected  1985  population 
of  242.5  million;  current  estimates  have  been  lowered  to  256  million. 
Ihe  differences  in  anticipated  population  increases  relative  to 
varying  birtli  rate  assumptions  are  demonstrated  by  Bureau  of  the 
Census  projections  for  the  four  cur rently- used  levels: 


Year  2000 

Year  2 0 2 0 

Scries  C 
(average 

2.8 

chi  Idi'on) 

300 , 406 , 000 

592,030,000 

Series  i) 
(a VC  rage 

2 . 5 

chi  Idren) 

285,969,000 

cc 

Series  h 
( a ve  r a g e 

2 . 1 

ciii  Idrcn ) 

264,430,000 

297,746,000 

Series  F 
(average 

1.8 

clii  Idren) 

250 , 686 , 000 

264 , 56 4 , 000 
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Even  the  high,  Series  C,  projections  are  substantially  lowered 
from  two  previous  series  now  abandoned.  Series  A,  (3.5  child-average), 
discontinued  in  1970,  projected  3bl  million  people  by  2000;  while 
Series  B (3.1  ciiild-average) , dropped  in  1972  , had  projected  322 
million . 

Current  demographic  trends  reflect  anticipation  of  the  2.1 
child  average  for  the  future,  according  to  recent  reports.  Factors 
underlying  the  reduced  birth  rate--job  opportunities,  convenient 
birth  control  methods,  and  easier  acceptance  of  new  life  styles 
that  add  up  to  more  freedom  of  choice  for  women- - appear  likely  to 
stay.  However,  demographic  experts  emphasize  that  the  2-child  famil)- 
norm  does  not  imply  an  overall  reduction  in  the  numbers  of  people 
inhabiting  the  United  States,  and  that  it  does  not  even  imply  that 
demographic  s tabi li zation- -or  "zero  population  growth"--  will  be 
attained  before  the  middle  decades  of  the  next  century,  even  if  net 
immigration  is  also  reduced  to  zero. 

The  significance  of  the  reduced  birth  rate  will  be  visible,  first, 
in  the  changing  age-sex  distribution  of  the  labor  force  and  the 
population  at  large;  and,  second,  in  a slower  rate  of  population 
growth.  If  the  two-child  average  is  maintained  in  the  next  three 
decades,  the  American  population  will  grow,  but  the  increases  will 
be  one  of  60  million  people  rather  than  the  115  million  implied  by 
a three-child  average.  Experts  note  the  implications  of  these  flgure^  : 
(1)  that  a substantial  rise  in  population  must  be  anticipated  even 
if  the  lower  birtii  rate  remains  the  norm;  and  (2)  that  an  immed i a t e 
return  to  the  higher  birth  rate  would  augment  this  increase  by  more 
than  55  million  persons  within  tlie  same  30-year  period. 
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Considering  the  probable  distribution  of  future  population 
increases  ajiiong  tne  nation's  regions,  a 1972  report  by  tlie  D.S. 
Bureau  of  tiic  Census  speculates  that  by  1990  the  West  and  tlie 
South  are  likely  to  be  the  big  gainers  in  growth  of  population, 
while  the  regional  shares  of  population  will  remain  relatively 
unchanged- -with  the  16  states  of  the  South  and  the  District  of 
Columbia  having  the  largest  number  of  residents,  followed  in  order 
by  the  12  lidwestern  States,  the  9 Nor tlieastern  States,  and  the 
15  Western  States. 

The  seemingly  slight  ciiange  in  fertility  rates  from  2.8  to 
2.1  average  children  per  family  would  vary  the  1990  population 
nationally  at  251  million  total  under  the  low  fertility  assumption 
(a  rise  of  13%  from  1970),  to  a projection  of  nearly  2b9  million 
with  a high  birth  rate  (32o  increase  from  1970).  The  following 
regional  distributions  are  projected  for  1990  population  under  tl\e 
high  and  low  fertility  assumptions. 

iligh  (2.78)  Low  (2.11) 


l\'  e s t 

48 .0”„ 

57 . 8 

South 

31.3% 

22.5 

M i dwest 

28.7”„ 

19.7 

Northeast 

2b.8"„ 

18.7 

Wide-ranging  implications  of  a slower  rate  of  population  growth 
involves  i.iipacts  on  tl^c  size  and  composition  of  tlie  labor  force, 
resource  requirements,  consumption  patterns,  pollution  levels  and 
economic  activities.  ilowever,  Bureau  of  tiie  t.'ensus  experts  note 
that  tlie  principal  source  of  economic  growtli-- investments  in  technolog\ 
and  increased  p roduc  t i vi  ty- - w i 1 1 increase  whetlier  or  not  there  are 
iiiore  jieople.  Ibis  view  was  paralleled  liy  tlie  recent  Presidential 
Study  Commission  on  Population,  whicii  concluded  that  whether  or  not 


fertility  declined,  average  incomes  would  rise  so  much  that  tiic 
quality  of  life  would  change  significantly.  The  Commission's 
research  indicated  that  by  the  year  200U,  the  average  family  income 
would  climb  from  $12,000  to  $21,000  in  terms  of  current  purchasing 
power . 

Rates  of  economic  expansion  are  not  solely  determined  by 
varying  population  growth  rates,  but  some  relationship  can  be  ob- 
served. Experts  report  that  although  the  GWP  in  the  year  2000 
under  the  3-child  norm  would  be  higher--at  $2.1  trillion  with  a 
projected  annual  growth  rate  of  4.0- -per  capita  disposable  income 
would  be  visibly  lower  than  under  the  two-cliild  norm,  while  the 
pressure  on  energy  resources  and  raw  materials  would  be  proper t ionalo 1 
greater.  Even  under  the  lower  population  projections,  a doubling  of 
GNP  to  nearly  $2  trillion  annually  is  anticipated  by  the  end  of  the 
century.  Furthermore,  a significantly  greater  proportion  of  tiie 
enlarged  total  national  output  is  expected  in  the  form  of  services 
rather  than  goods.  \mong  serv'’ices,  the  greatest  expansion  is 
anticipated  to  occur  in  tiie  amount  of  electricity  required  as  fuel 
and  energy,  with  similar  rates  of  expansion  in  the  availability  of 
transportation,  health  care,  travel  and  recreation. 

Potential  differences  for  geneial  demographic  and  economic 
indicators  under  alternative  population  (Series  B-2.8  child  average 
and  Series  E-2.1  child  average)  and  economic  (iiigli  and  low  growth) 
assumptions  have  been  projected  by  the  Gommission  on  I’opulation 
Growth  and  the  ;\merican  l-uture.  I'he  dominant  effect  of  sliifting 
from  a three  to  a two-child  population  projection  would  be  an 
increased  fraction  of  tlie  population  in  tlie  lalioi'  force.  I'lie 
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principal  consequence  is  a liiglier  per  capita  GNF  and,  except  for 
the  tirst  10  to  fifteen  years  (wiien,  because  of  greater  female 
participation  tlie  labor  force  might  actually  be  larger),  a lower 
G.\F  under  the  Series  h than  under  the  Series  B projections.  The 
Commission  indicates  the  relationship  of  these  differing  proiections 
to  future  pollution  levels; 

Per  capita  GNP  (more  accurately,  per  capita  disposable 
income)  can  be  taken  as  a measure  of  material  welfare, 
conventionally  defined.  Since  resource  use  and  pollution 
levels  are  associated  more  with  total  than  with  per  capita 
output  levels,  total  GNP  miglit  be  taken  as  a crude  indi- 
cator of  environmental  degradation.  In  these  terms,  it 
is  best  to  have  a high  per  capita  GNP  but  a low  total 
GNP.  This  is  just  what  we  find.  Compare,  for  example, 
the  B-High  (high  population  growth-high  GNP  growth)  and 
the  C-High  (low  population  growth-high  GNP)  scenarios 
for  the  year  2000.  IVliile  population  size  is  17  percent 
lower  than  under  Series  B,  the  labor  force  is  only  6.b 
percent  less.  As  a consequence,  GNP  is  7.2  percent 
less  and  per  capita  GNP  is  12  percent  more.  Tl:is  pattern 
continues  at  least  until  the  year  2020  , by  whicli  time  tlie 
differences  between  these  runs  become  much  sharper  than 
they  are  in  2000. 

Ihe  data  furtiier  conveys  the  significantly  higher  output  anticipated 
under  liigh  economic  growth  assumptions,  particularly  for  the  manu- 
facturing sector.  This  indicates  a direct  concern  for  future  pollution 
levels,  given  the  previously  mentioned  liPA  finding  of  pollution  increase.-^ 
relative  to  industrial  production.  fhe  Commission  substantiates  this 
coiicern,  notiiig  that  "...in  the  context  of  50-  to  75-year  projections, 
population  growtli  is  not  the  primary  determinant  of  the  level  of 
pollution.  .ost  envi ronmenta 1 pollution  appears  to  come  about  because 
of  uriian  and  industrial  concentration  in  combination  with  technological 
developments  which  maximize  economic  growtli  by  neglecting  envi  ronmenta  1 
costs  . " 
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Future  water  pollution  levels  and  wastewater  volumes  are 
expected  to  rise  dramatically  if  an  active  abatement  policy  is  not 
effectively  implemented.  FPA  and  the  Commission  on  Population  Growth 
and  the  American  Future  report  the  results  of  a projection  model 
based  on  available  wastewater  data  and  general  pollution  character- 
istics, varying  the  projections  for  Series  B and  Series  E population 
growth  rates  and  relative  to  both  High  and  Low  GNP  increases.  The 
2020  projections  indicate  that  increases  are  observed  in  all  cases, 
but  the  differences  resulting  from  combinations  of  higli  and  low 
levels  of  both  population  and  economic  growth  clearly  indicate  that 
economic  activity  exerts  the  dominant  influence  on  future  volumes 
and  pollution  levels  of  wastewater. 

The  Clean  Water  Act  of  1972  may  stimulate  actions  to  decrease 
water  use  and  pollution.  But  the  accurate  estimation  of  social  and 
economic  impacts  of  public  policy  is  uncertain  and  will  be  further 
complicated  by  the  role  of  future  technologies.  Projection  of  tecli 
nology  is  difficult  since  it  interrelates  the  uncertain  influences 
of  the  private  market,  scientific  advances  and  government  intervention. 
But  the  need  for  observing  technological  influences  is  evidenced  by 
recent  observations  that  increased  water  pollution  has  resulted  from 
adoption  of  new  technologies.  EPA  analysts  have  expressed  the  o{)inion 
that,  "The  economy  of  the  U.S.  has  been  marked  not  only  be  a vora- 
cious absolute  demand  for  more  goods,  but  by  a relative  preference 
for  goods  whose  production  involves  a substantial  wasting  of  organ  n. 
materials  to  water." 

It  has  been  stressed  by  major  sources  in  the  water  planning 
literature  that  coordination  of  technology  with  water  quality  olijec 
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tivcs  will  significantly  assist  tlie  effective  implementation  of 
clean  water  policy.  Several  recommendations  by  the  National  Academy 
ol  Sciences,  Committee  on  lechnologies  and  Water,  to  tlie  National 
Water  Commission  reiterate  tlie  concern  expressed  by  numerous 
experts  in  the  field:  (1)  lechnological  change  and  impacts  must  be 

brouglit  explicitly  into  water  planning;  (2}  Teclinical  clianges  likely 
to  occur  outside  the  immediate  area  of  water  technology  but  whicli 
will  affect  the  demand  for  or  supply  of  water  must  similarly  be 
taken  into  account  in  water  planning,  as  must  the  possibility  of 
utilizing  non-water  technologies  as  ways  of  solving  water  - related 
problems;  (5)  Water  planning  must  be  continually  reassessed  to  con- 
sider the  benefits  of  new  technology;  (4)  Water  planning  must  have 
built-in  flexibility;  and  (5)  Research  and  development  should  be 
specifically  programmed  as  part  of  a water  resource  plan. 

6.  Conclusions  Related  to  Study  Area 

(a)  Comparison  of  Alternative  Projections  Sources 
(1)  OBliRS  Projections 

Federal  water  resources  planning  guidelines  encourage  tlie  use 
of  OBFRS  projections  of  regional  economic  activity  for  a baseline 
in  regional  plans.  Developed  for  the  U.S.  Water  Resources  Council 
by  the  Bureau  of  liconomic  Analysis,  Department  of  Commerce,  and 
the  liconomic  Research  Service,  Department  of  Agriculture,  tlie  OBFRS 
scries  are  designed  to  serve  as  a baseline  or  reference  projection 
for  the  analysis  of  resource  demands  and  development  needs  and 
for  the  evaluation  of  the  costs,  benefits  and  economic  impact  of 
development  and  management  programs  aiul  projects.  Ihe  Water 
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Resources  Council  states  that  they  are  in  no  way  intended  to 
restrict  planning  groups  from  full  consideration  of  alternative 
rates  and  patterns  of  economic  growth. 

The  relevant  OBERS  disaggregated  units  comparable  to  the 
Three  Rivers  Watershed  study  area  are: 

(1)  Water  Resources  Subarea  0411 -Southern  Lake  Erie,  presenting 
historical  and  projected  data  for  population,  employment, 
personal  income,  and  earnings  by  industry,  1950-2020.  In 
addition  to  the  counties  in  the  study  area  (Cuyahoga,  Geauga, 
Lake,  Lorain,  Medina,  Portage  and  Summit),  the  OBERS  unit 
includes  Ashtabula  County. 

(2)  QBE  Economic  Area  068-Cleveland,  Ohio,  presenting  historical 

and  projected  data  on  population,  personal  income,  earnings 
and  employment  by  industry  for  37  industry  groups.  In  addi- 
tion to  the  study  area  counties,  the  following  are  included  in 
this  OBERS  unit:  Ashtabula,  Carroll,  Columbiana,  Coshocton, 

Crawford,  Erie,  Huron,  Knox,  Morrow,  Richland,  Stark,  Tusca- 
rawas, and  Wyandot. 

The  following  tables  present  the  OBERS  data  lor  these  water 
resources  subarea  and  OBE  economic  area  units.  l-'or  comparison  with 
alternative  projection  sources,  several  assumptions  of  the  OBERS 
series  should  be  recognized: 

(1)  Population  growth  assumes  Series  "C"  fertility  rates  (2.8 
average  children  per  family). 

(2)  A national  41  unemployment  rate,  projected  under  the  assump- 
tion that  unemployment  will  be  disproportionately  distriluited 
regionally,  but  the  extent  will  diminish  from  past  trends. 
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TABLl:  2 . POPULATION,  AND  EMPLOYMENT  BY  INDUSTRY,  HISTORICAL 

AND  PROJECTED,  1940-2020:  OBE  ECONOMIC  AREA  068  - 

CLEVELAND,  OHIO 
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Source:  U.S.  Kater  Resources  Council,  1972  OBERS  Projections,  Vol. 

"BEA  Economic  Areas",  pp . 140-141. 

Note;  The  Cleveland,  Ohio  BEA  Economic  Area  covers  a 20 -county  area 
in  Northeast  Ohio,  including  those  counties  encompassing  the 
Three  Rivers  Watershed, 


T 


« 

(d 

to 

o 

O] 

t—l 

cj 

c^. 

3 

to  to 

3 

Q 

w 

o 

»--t 

u 

Q 

3 

Uj 

o 

H 

(0 

CJ 

u 

(U  Ci 

UJ 

to 

o 

<-»  • 

c:; 

a <u 

O S -H 
U.  ^ 
tu 


o O' 


H O M ««  O > 


r X*  Ik  N -«  "c  « 

» M «>  o » • o 


. » » ^ o X 


o •SOA'A'V 

9 •«>mOOOOI^O^^<^^00|]| 


COO 
►H  rj  ^ 

H O c4 
U J 
C • 

3 O C 
O CO  »-. 

o'.a\o 

Cu  t-l  ^ 


U.  X 3 

o a o 

uj  to 

to  H 
ttl  U < 

X w 

x-t 

O O rH 

t-i  C-.  o 


V/  — 1 

% u 


?Ji3^ 


<k  «M  •*  a I 

j ► ) • 
■s  £ n >3  j < 
••  IM  i 

^ L>  / « - 


t <A  a j r « 


o 4 ^ a I 
< >-  4 3 < 

X IW  3 ^ <3 

« 1 O < 


O U J o 
£ z — 

» t 4 

dt  M 

3 M ^ 
*-  -O  ^ M 

4 0^4 

■5s;s 

< ifc  ^ < 


3—0 
O 3 
O J - 


••O  • J—  3 


1 M » 4 M — 3 


S A.  > 

> 4 d 

^ o a 


• X V-  <x  >A  a 

I t t/  o / w 
a <_*  u(  •-  4 X 
14  j o a »• 


U4 

CQ 

<- 


S 


b 


» I 
K </t  1 

8S  ! 


I 

I 

I 

i 


I 


I 


4 >'  <i 


I 

I 


• • 

ii 


:s: 


to 

3 

1— H 

C 

o 

• w 

, 

X 

! 

•» 

4-J  • 

f 

(/5 

C ’3 

1 

3 O 

• 

O 

o x: 

1 

•rH 

o to 

j 

4-> 

V4 

j 

U 

o3  O 

; 

c 

r-4  4-» 

• 

•♦— 1 

3 a 

J 

o 

! 

u 

C3 

j 

*->  to 

5 

to 

to  <u 

1 

c.< 

< > 

1 

w 

•H 

1 » 

CQ 

• 

lO  di 

{ 

o 

lO 

O 

• 3 

• 

"3  O 

• f 

rj 

r^j 

3 <U 

• C 

rO 

f—i  c< 

1 -i 

u x: 

• 

C H 

) — 

• 

•rH 

i h 

•» 

o. 

o 

rH 

CL- 

3 X 

1 *" 

•H 

O 4-> 

J o 

U 

Cl 

1 

c 

* 

3 

« 

D 

to 

x>  o 

« 

O 

c 

3 

1 « 

1 X 

o 

t/^  to 

* a 

•r-< 

o 

• ^ 

! - 

to 

CO 

o -H 

: ^ 

o 

a 

•H  4-» 

• s 

u 

ci 

Cl  3 

! ? 

V4 

W 3 

3 

•/J 

O 

i J 

o 

o 

O U 

4 

(/) 

o 

0) 

u 

03 

! ; 

C4 

3 

.-J 

1 — 

o 

Q) 

! s 

^4 

to 

C W 

o 

o 

c.  o 

1 J 

c< 

O X 

1 ; 

03 

• — 

u 

•M 

1 <3  4 

4 

o 

4-> 

3 O 
o o 

1 -t. 

1 .«  B 

• O 

* o 

m 

c3 

a 

1 V 4 

:=) 

I 

o o 

1 * 4 

• » c 

i ^ i 

H* 

1 ^ o 

* • 

I O m 

o 

> 3 O 

o 

• 

i « - 

u 

0> 

1 X 

3 

4-» 

1 — ^ 

o 

O 

i/) 

C-  3i 


(5)  Most  factors  that  have  influenced  historical  shifts  in 

regional  "export"  industry  location  will  continue  into  the 
future  with  varying  degrees  of  intensity. 

(4)  Trends  toward  economic  area  self-sufficiency  in  local  indus- 
tries will  continue. 

(5)  Workers  will  migrate  to  areas  of  economic  opportunities  and 
away  from  slow-growth  or  declining  areas. 

(6)  Regional  earnings  per  worker  and  income  per  capita  will  con- 

tinue to  converge  toward  the  national  average  and  regional 
employment/population  ratios  will  tend  to  move  toward  the 
national  ratio. 

The  WRC  defines  the  OBERS  series  as  "baseline  projections  of 
the  best  estimate  of  what  can  be  expected  to  materialize  if  there 
are  no  policy  or  program  changes  of  an  unusual  and  unforseen  nature 
or  magnitude  in  the  factors  which  have  been  changing  over  time 
and  which  are  expected  to  continue  on  course  in  the  future.  They 
are  in  no  sense  meant  to  represent  a goal,  and  they  should  not 
constrain  the  planner  in  considering  alternative  levels  of  growth 
which  might  be  achieved  through  more  or  less  resource  development." 
In  using  the  OBERS  series,  the  WRC  cautions  that  long  range  projec- 
tions are  less  reliable  than  those  for  short  periods,  and  that  small 
aggregate  unit  projections  are  less  reliable  than  those  of  large 
magnitude.  Furthermore,  projections  of  water  use  are  less  relialile 
than  are  projections  of  economic  activity.  WRD  notes  tliat  "future 
water  use  depends  not  only  on  the  projected  economic  activity,  but 
in  addition,  on  projected  changes  in  the  tcclinology  of  water  use  and 
the  cost  of  water  relative  to  its  substitutes.  Quantification  of 
botli  of  these  variables  is  subject  to  significant  degrees  of  uncer- 
tainty. " 


In  using  the  OBERS  series  for  regional  assessment  of  future 
demands  for  water  and  related  land  resources,  the  WRC  suggests  that 
realistic  estimates  may  be  derived  by  a "determination  of  economic 
demand  schedules  for  water  based  on  analysis  of  tiie  economics  ol' 
its  use  as  influenced  by  changing  technology  and  shifting  values 
in  various  uses.  The  planner  may  vary  the  projections  to  test 
the  sensitivity  of  plans  to  different  levels  of  economic  activity 
and  to  introduce  flexibility  in  the  plan  in  order  to  accommodate 
to  various  future  conditions." 

(2)  Comparisons  of  Population  Projection  Sources 
Concerning  the  population  projections  used  for  both  municipal 
and  industrial  wastewater  projections  in  the  alternative  plans,  a 
comparison  to  alternative  projections  of  the  watershed's  population 
reveals  significant  differences.  Table  5 presents  data  on  popula- 
tion projections  from  both  federal  and  regional  sources  for  somewhat 
larger  units  encompassing  the  Three  Rivers  Watershed.  The  estimates 
of  the  study  area  design  projections  and  the  OBERS  series  are  roughly 
equal  through  the  year  2000,  while  the  design  estimates  indicate  a 
more  leveled  growth  during  2000-2020.  It  should  be  recognized  that 
the  OBERS  series  is  based  on  a 2.8  child-family  assumption,  a deci- 
sion based  on  U.S.  Census  expectations  of  the  late  1960's.  More 
recent  documentation,  as  previously  analyzed  in  this  report,  appears 
to  justify  the  current  Census  anticipation  of  a lower  future  growtli 
rate  based  on  observable  trends  from  the  3 to  2 child-average  family. 
The  U.S.  Census  projections  for  Ohio  are  presented  in  Table  5 for 
both  Series  C (2.8  average  chi Idren/ fami ly)  and  Series  1.  (2.1  average 
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TABLE  5 COMPARISON  OF  STUDY  AREA  POPULATION  PROJECTIONS 

ALTERNATE  SOURCES 
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The  sources  differed  among  future  projection  dates'  the  data  presents  the  prcjectionc  for  the 
longest  range  provided  by  each  source. 


Table  5 (Continued). 


■•■Sources  of  projections  and  geogiaphic  area  covered  in  each  are  as  follows: 

1.  Source;  U.S.  Department  of  Commerce,  Bureau  of  the  Census  Social 
and  Economic  Statistics  Administration,  Current  Population  Reports : 
Population  Estimates  and  Projections  (Series  t’-ZS,  No.  477)  , March 
197 Z . Table  1;  "Projections  of  the  Population  of  States,  1975-1990, 
and  Census  Populations,  1960  and  1970",  pp . 4-5. 

Geographic  Area  Covered:  State  of  Ohio. 

a. )  Fertility  assumption  "C-Series"  (2.8  average  children  per  family); 

Internal  Migration  assumption  "I-Series". 

b. )  Fertility  assumption  "C-Series";  Internal  Migration  assumption 

"Ill-Series". 

c. )  Fertility  assumption  "E-Series”  (2.1  average  children  per  family); 

Internal  Migration  assumption  "I -Series". 

d. )  Fertility  assumption  "E-series";  Internal  Migration  assumption 

"Ill-Series". 

2.  Source:  U.S.  Water  Resources  Council,  1972  OBERS  Projections: 

Regional  Economic  Activity  in  the  U.S.  Fy  Economic  Area,  Water 
Resources  Region  and  Subarea,  and  State,  Historical  and  Projected- - 
1929-2020  (September , 1972) . ^ 

Cieographic  Area  Covered: 

a. )  State  of  Ohio 

b. )  Southern  Lake  Erie  Water  Resources  Subarea,  as  delineated  by  tne 

Water  Resources  Council  in  July,  1970;  The  area  encompasses  the 
following  8 counties;  Ashtabula,  Cuyahoga,  Geauga,  Lake,  Lorain, 
Medina,  Portage  and  Summit. 

c. )  Cleveland,  Ohio  Economic  Area,  one  of  173  functional  economic  areas 

nationally  delineated  by  the  Bureau  of  Economic  Analysis;  the  area 
encompasses  the  following  20  counties:  Ashtabula,  Carroll, 

Columbiana,  Coshocton,  Crawford,  Cuyahoga,  Erie,  Geauga,  Huron, 
Knox,  Lake,  Lorain,  Medina,  Morrow,  Portage,  Richland,  Stark, 
Summit,  Tuscarawas,  and  Wyandot 

3.  Source;  Havens  and  Emerson,  Ltd.,  Consulting  Engineers,  Survey  Scope 
Study  for  Three  Rivers  Watershed  Wastewater  Management  Program , I’iiase 

I,  Part  A (May,  i977). 

Geographic  Area  Covered;  Three  Rivers  Watershed,  Northeast  Ohio. 

4.  Northeast  Ohio  Areawide  Coordinating  Agency  (NOACA) , Popular  ion 
Forecast  1970-2000  (September,  1972). 

geographic  Area  Covered:  The  7-County  Northeast  Ohio  Region 

(Cuyahoga,  Geauga,  Lake,  Lorain,  Medina,  Portage  and  Summit 
Counties) . 

.1.  The  Northern  Ohio  Urban  System  Research  Project,  Population , 
unployment  and  Income  Forecasts  (Nous  Research  Pro j ec t Report 
T«T)  12 ),  Prepared  by  Doxiadis  Associatios  Int.,  for  The  East 
Muo  Gas  Company,  The  Ohio  Bell  Company  and  The  Higbee  Company, 

Jevcland,  Ohio  (March,  1972). 

•■graphic  Area  Covered;  Ashtabula,  Cuyahoga,  Geauga,  Medina, 

• . Lorain,  Portage  and  Summit  Counties. 
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varied  for  alternative  internal  migration  assumptions,  demonstra- 
ting the  significant  decrease  in  1990  population  growth  obtained 
from  use  of  the  lower  fertility  rate.  Furthermore,  an  extension 
of  projections  to  the  long-range  2020  future  would  indicate  a sig- 
nificant leveling  of  population  growth. 

NOACA  and  NOUS  projections  provide  a regional  source  of  com- 
parisons. The  Northern  Ohio  Urban  Research  System  (NOUS)  projections 
are  based  on  examination  of  historical  and  recent  patterns  of  regional 
demographic  and  economic  growth,  recognizing  the  competitive  losses 
the  study  area  has  suffered  in  recent  years.  NOUS  projections  vary 
from  optimistic  assumptions  of  the  Northeast  Ohio  region's  ability 
to  recover  from  its  declining  growth  rates  to  the  conservative  assump- 
tion of  a continuation  of  current  trends;  however,  even  the  optimistic 
assumptions  indicate  lower  population  projections  than  the  study  area's 
design  estimates.  The  Northeast  Ohio  Areawide  Coordinating  Agency 
(NOACA)  indicates  drastically  lower  population  growth  expectations. 
Considering  that  these  represent  the  expectations  of  the  region's 
planning  officials,  serious  attention  should  be  given  the  observed 
differences  from  the  design  projections. 

examination  of  tlie  projections  of  individual  county  units 
demonstrates  further  contrasts  to  the  high  growth  estimates  of  the 
study  area's  design  projections,  relative  to  regional  and  local 
planners'  expectations.  Table  6 shows  that  all  counties  in  the  Tliree 
Rivers  Watershed  Area  anticipate  significantly  lower  population 
growth  according  to  regional  planning  sources  tlian  tliat  indicated 
by  the  design  projections. 
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TABLE  6 Comparison  of  Study  Area  County  Design  Population 
Projections  With  Local  Sources* 


1 . Cuyahoga  County 


Projection  Source 

1970 

1980 

1990 

2000  2020 

Design 

Projections 

1,721,404 

1,842,070 

(7.0%) 

2,193,050 

(27.3%) 

2,393,720  2,523,000 

(39.1%)  (46.5%) 

NOACA 

1,721,300 

1,724,900 

(0.2%) 

1,746,600 

(1.5%) 

1,741,000 

(1.1%) 

Cuy.  Cty.  Reg. 
Plan.  Comm. 

1,721,300 

1,723,000 

(0.1%) 

1,742,000 

(1.2%) 

CEl  (Clev.  Elec. 
Ilium.  Co.) 

1,721,300 

1,783,000 

(3.6%) 

2 . Geauga  County 


Projection  Source 

1970 

1980 

1990 

2000 

2020 

Design 
Pro j ections 

63,125 

90,300 

(42.9%) 

126,400 

(100.7%) 

166,900 

(164.4%) 

230,600 

(266%) 

NOACA 

62,977 

86,100 

(36.7%) 

112,009 

(77.8%) 

140,800 

(123.6%) 

Geauga  Cty. 
Plan.  Comm. 

62,977 

85,500 

(35.8%) 

112,600 

(78.8%) 

CEI  (Clev.  Elec. 
Ilium.  Co.) 

62,977 

84,300 

(33.8%) 

3 . Lake  County 


Projection  Source 

1970 

1980 

1990 

2000 

20  Jtl 

Design 

Projections 

197,154 

268,600 

(56.2%) 

369,200 

(87.2%) 

464,100 

(135.4%) 

600,300 

(204.4% 

NOACA 

197,200 

266,500 

(35.1%) 

318,700 
(61 .6%) 

348,000 

(76.4%) 

Lake  Cty. 
Plan.  Comm. 

197,200 

263,050 

(35.4%) 

318,400 
(61 .4%) 

CEI  (Clev.  Elec. 
I 1 lum . Co  . ) 

197,200 

250,400 

(26.9%) 
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4 . Lorain  County 


Projection  Source 

1970 

1980 

1990 

2000 

2020 

Design 
Pro j ection 

7,003 

7,500 

(7.1%) 

8,000 

(14.2%) 

8,300 

(18.5%) 

8,200 

(17.1%) 

NOACA 

256,843 

302,300 
(17.  71) 

360,100 

(40.2%) 

427,200 

(66.3%) 

5.  Medina  County 

Projection  Source 

1970 

1980 

1990 

2000 

2020 

Design 
Proj  ections 

82,583 

120,700 

(46.1%) 

161,400 

(95.1%) 

195,400 

(136.6%) 

250,100 

(209.6%) 

NOACA 

82,717 

111,100 

(34.3%) 

143,100 

(73.0%) 

175,900 

(112.6%) 

Tri-County 

RPC 

82,717 

112,450 

(35.9%) 

146,200 

(76.7%) 

178,600 

(115.9%) 

236 ,500 
(185.9%) 

6.  Portage  County 

Projection  Source 

1970 

1980 

1990 

2000 

2020 

Design 
Proj  ections 

123,078 

166,400 

(35.2%) 

221 ,600 
(76.0%) 

279,800 
(12  7.. Vo) 

357,600 

(184.1%) 

NOACA 

125,868 

160,600 

(27.6%) 

197,900 

(57.2%) 

234,700 

(86.5%) 

Tri -County 
RPC 

125,868 

165,850 

(31.8%) 

206,700 

(64.2%) 

244,350 

(94.4%) 

288,850 

(129.4%) 

7.  Summit  County 

Projection  Source 

1970 

1980 

1990 

20  00 

2020 

Des i gn 
Projections 

5 5 2,498 

640,800 

(23.2%) 

737 , 700 
(33.3%) 

8 14  ,900 
(47.4%) 

875 , 300 
(58.2%) 

NOACA 

553,371 

599,400 

(8.3%) 

655,900 

(18.5%) 

706 , 500 
(27.7%) 

ir  i - Ciounty 
RI’C 

5 5 3,37  1 

618,550 

(11.8%) 

6 7 3,1  5 0 
(21.6%) 

72  1 ,8  00 
(30.6%) 

798 , "00 
(44.3%) 

3 


i 
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Projections  were  obtained  Torm  the  folJowinj;  source  references: 

Design  Projections;  Havens  and  Emerson,  Ltd.,  Consulting 
Engineers,  Survey  Scope  Study  for  Three  Rivers  tVatershed 
Wastewater  Management  Program,  Phase  I , Part  A (May , 1972)  . 
Geographic  Area  Covered:  Three  Rivers  Watershed,  Northeast 

Ohio.  NOTE:  1970  Census  base  population  figures  cover  only 

that  area  of  the  county  encompassed  within  boundaries  of 
the  Three  Rivers  Watershed. 


Northeast  Ohio  Areawide  Coordinating  Agency  (NOACA)  Population 
Forecast  1970-2000  (September,  1972). 

Cuyahoga  County  Regional  Planning  Commission,  1970-1990 
population  projections  as  reported  in:  "City  Facing 

33%  Loss  in  Population,"  The  Cleveland  Plain  Dealer, 

June  28,  1972. 

Cleveland  Electric  Illuminating  Company,  Marketing  Services 
Department,  as  reported  in:  "Population  is  Still  Growing, 

Report  Says,"  The  Cleveland  Plain  Dealer,  August  2,  1972. 

Geauga  County  Planning  Commission , Past  and  Projected  Popu- 
lation  for  Geauga  County  Ohio,  1940-1990  (Prepared  from 


(3)  Projections  of  Lconomic  Activity 

The  projections  of  employment  for  the  alternative  plans  have 
taken  account  of  the  trends  observed  in  recent  decades,  and  may 
be  compared  with  those  economic  indicators  provided  by  the  OBERS 
series  which  disaggregate  regional  projections  from  the  national 
totals.  Detailed  comparisons  of  that  data  will  not  be  presented 
here,  although  some  general  considerations  can  be  made  of  the 
employment  projections  in  light  of  the  previous  analyses  of  the  study 
area's  "Regional  Characteristics"  and  "Regional  Objectives"  provided 
in  this  report.  The  shift  in  industrial  composition  of  the  Cleveland 
Akron  metropolitan  area  from  durable  to  non-durable  manufacturing,  in 
addition  to  anticipations  of  more  service  industry  development,  has 
not  yet  been  stabilized  in  the  area's  economic  base.  Consequently, 
the  study  area  may  be  characterized  as  presently  fluctuating  in  a 
state  of  transition  relative  to  changes  in  industrial  composition 
and  employment  opportunities.  The  future  projection  of  economic 
indicators  is  therefore  subject  to  a range  of  uncertainties  whicli 
complicate  the  accuracy  of  current  forecasts. 

(4)  Additional  Consideration  of  the  Wastewater 
Projection  Assumptions 

The  domestic  and  municipal  projections  for  the  study  area's 
alternative  plans  have  assumed  additional  factors  related  to  water 
use  patterns  which  may  be  considered  against  the  framework  of  poten- 
tial future  influences.  While  the  design  projections  acknowledged 
potential  changes  in  domestic  water-using  technologies,  it  was  not 
assumed  tliat  future  adoption  was  probable.  Also,  land  use  projection 
were  given  some  recognition  in  relation  to  municipal  wastewater 


C-40 


projections,  but  the  land  use  composition  maps  used  lor  projections 
may  not  accurately  provide  the  density  and  housing  type  detail 
necessary  to  firmly  establish  future  municipal  water  uses  and  treat- 
ment needs.  In  analyzing  the  municipal  wastewater  projections,  the 
future  influences  discussed  in  the  previous  section  on  general  trends 
in  municipal  water  uses  warrant  consideration,  particularly  the  poten 
tial  influences  of  public  policy  and  environmental  attitudes  on 
future  water  use  practices. 

The  industrial  wastewater  estimates  provided  for  the  study 
area  have  considered  some  trends  of  changing  water  use  practices 
relative  to  advanced  technologies  and  conserving  management  practices. 
However,  the  crucial  role  of  cost  impacts  resulting  from  federal  clean 
water  policy  have  not  yet  been  fully  realized  in  industrial  responses. 
While  the  design  projections  assumed  a 14%  decrease  in  1990  waste- 
loads attributable  to  industry's  abatement  programs,  the 

actual  future  industrial  wastewaters  may  be  further  reduced  by 
substantial  rates  if  considerations  of  the  varying  strategies  pre- 
viously discussed  under  industrial  water  uses  are  implemented.  lurtiiei  - 
more,  the  role  of  technology  in  industrial  wastewater  projections  is 
complicated;  depending  on  incentives  provided  industry,  more  or  less 
water-using  and  pollution-producing  technologies  may  be  adopted. 

The  role  of  public  policy  is  probably  the  most  significant  determi- 
nant, and  the  impacts  of  clean  water  policy  have  not  yet  been 
fully  realized  for  estimating  future  industrial  responses. 
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(5)  Conclusions 

Evaluation  of  the  study  area  design  projections  has  indicated 
a critical  concern  for  their  accuracy.  Specific  data  contrasting 
alternative  population  projection  sources  casts  doubt  on  the  high 
estimates  of  the  design  projections.  Furthermore,  uncertain  economic 
conditions  in  the  region  cloud  the  accuracy  of  employment  projections. 
In  addition  to  these  criticisms,  the  use  of  2020  wastewater  projec- 
tions for  the  design  of  wastewater  management  systems  warrants 
serious  criticism,  due  to  the  yet  unforeseen  repercussion  of  federal 
clean  water  policy,  as  well  as  a range  of  other  uncertainties  which 
may  impact  water  use  and  related  wastewater  treatment  requirements. 

In  the  face  of  these  uncertainties,  we  must  conclude  that  the 
projection  of  wastewater  loads  for  the  several  alternate  plans,  are 
subject  to  question,  with  the  possibility  of  significant  error  on 
the  high  side. 
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THE  IMPACT  OF  FEDERAL  FINANCING  PROVISIONS  IN  THE  FEDERAL 
WATER  POLLUTION  CONTROL  ACT  AMENDMENTS  OF  1972 

1 . Introduction 

The  recently  enacted  Federal  Water  Pollution  Control  Act 
Amendments  of  1972  contain  provisions  capable  of  generating  inef- 
ficient choices  among  alternative  waste  treatment  systems.  Tlie  new 
federal  financing  arrangements  coupled  witli  the  encouragement  of 
land  treatment  technology  may  result  in  localities  choosing  systems 
that  are  significantly  more  expensive  than  the  least  cost  alterna- 
tive available.  The  purpose  of  this  note  is  to  demonstrate  the  po- 
tential impact  of  the  new  legislation  by  using  data  relating  to 
selected  wastewater  treatment  alternatives  in  the  Cleveland -Akron 
area.  The  federal  share  of  project  costs  is  described  in  section 
202  (a)  which  states  that,  "The  amount  of  any  grant  for  treatment 
works ...  shall  be  75  per  centum  of  the  cost  of  construction  thereof.. 
In  other  words,  local  governments  will  be  required  to  pay  25  percent 

of  the  original  capital  costs  plus  all  operation  and  maintenance 

2 

(0  and  M)  and  replacement  expenditures. 

Section  108  (d)  (2)  explicitly  encourages  the  consideration  of 
land  treatment  systems  by  stating  that,  "Tliis  program ...  shal  1 provid 
local  and  state  governments  with  a range  of  choice  as  to  tlie  type  of 

^Congressional  Record-House,  September  28,  1972,  p.  8865. 

2 

Consideration  of  the  provisions  relating  to  industrial  user 
fees  will  result  in  a modification  of  tliis  statement.  The  implica- 
tions emanating  from  the  treatment  of  industrial  user  fees  will  be 
examined  below. 
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system  to  be  used  for  the  treatment  of  wastewater.  These  alternative  I 

systems  shall  include  both  advanced  waste  treatment  technology  and  | 


land  disposal  systems  including  aerated  treatment -spray  irrigation  | 

technology..."^  Studies  following  the  format  suggested  are  already 

in  progress  in  Chicago,  Boston,  San  Francisco,  Detroit  and  the  Cleveland- 

Akron  area.  The  amendment  contains  a number  of  additional  statements 

which  were  apparently  designed  to  encourage  the  use  of  land  treatment  i 

4 

technology.  Preliminary  evidence  indicates  that  land  treatment  of 
wastewater  will  prove  technically  and  economically  feasible  in  many  areas 
and  thus  it  will  undoubtedly  be  considered  for  widespread  use  within 
the  United  States. 

2 . Impact  Upon  Residential  Communities 

Implementation  of  this  legislation  will  require  local  communi- 
ties to  choose  among  a number  of  alternative  wastewater  treatment  ' 

systems.  Some  of  these  systems  will  use  conventional  water  based 
technology  and  others  will  employ  land  treatment  methods.  Regard- 
less of  the  system  chosen,  the  local  community  will  be  required  to 
pay  25  percent  of  original  capital  costs  plus  all  0 and  M and  re- 
placement costs.  The  local  community  will,  other  things  being  equal, ^ 
choose  the  system  requiring  the  smallest  expenditure  of  local  funds. 

If  the  ratio  of  original  capital  costs  to  total  system  costs  is  the 
same  for  all  of  the  available  alternatives  then  the  system  chosen 
on  financial  grounds  alone  by  the  locality  will  also  be  the  system 

^Ibid,  p.  8863. 

4 

Ibid , p.  8865  section  201  (d)  (1),  section  201  (e)  and  201  (f) . 

^Each  of  these  systems  will  generate  a number  of  environmental 
and  ecological  effects  which  cannot  accurately  be  included  in  system 
costs.  This  point  is  discussed  below. 
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involving  the  lowest  total  costs.  But  if  this  ratio  differs  mar- 
kedly among  alternatives,  then  the  system  chosen  by  the  locality  may 
involve  significantly  higher  total  costs  than  other  available  alter- 
natives . 

There  is,  in  fact,  a marked  difference  in  the  ratio  of  capital 
to  total  costs  between  water  based  and  land  based  systems.  This  is 
illustrated  by  the  Table  1 cost  figures  relating  to  selected  alter- 
native treatment  systems  for  the  Cleveland -Akron  area.^  Capital 
costs  are  661  of  total  costs  for  the  land  system  and  43%  and  35% 
respectively  for  water  based  systems  2 and  3.  The  impact  of  these 
differences  in  relative  capital  costs  is  illustrated  in  columns  3 
and  6.  When  total  costs  are  considered,  system  3 shows  a 39  million 
dollar  cost  advantage  over  system  1.  But  when  only  local  costs  are 
considered,  system  1 is  14  million  dollars  cheaper  than  system  3. 

In  this  instance,  the  locality,  if  given  the  choice,  would  certainly 
opt  for  system  1 even  though  this  system  is  considerably  more  expen- 
sive  to  construct  and  maintain  than  is  system  3. 


The  annual  comparative  costs  presented  in  table  1 are  not,  in 
a strict  sense,  the  proper  costs  to  use  in  the  present  context.  Sys- 
tems should  be  compared  on  the  basis  of  the  present  value  of  all 
costs  incurred  throughout  the  planning  period.  The  bias  in  the  se- 
lection process  will  then  occur  if  the  ratio  of  the  present  value  of 
original  capital  costs  to  the  present  value  of  total  costs  differs 
among  alternatives.  The  precise  timing  of  cost  outlays  has  not  yet 
been  incorporated  into  the  cost  estimates  and  thus  the  annual 
comparative  costs  are  the  only  figures  available.  Preliminary  infor- 
mation on  the  timing  of  cost  outlays  indicates  that  the  use  of 
Table  1 data  will  not  result  in  an  overstatement  of  the  bias  generated 

^The  three  systems  summarized  in  Table  1 do  not  represent  the 
total  range  of  alternatives  available  for  the  Cleveland -Akron  area. 
They  were  chosen  specifically  to  illustrate  the  potential  problems 
associated  with  the  new  federal  financing  provisions.  A land  treat- 
ment system  entailing  lower  total  costs  (141,000,000  than  system  3 in 
Table  1 has  been  tentatively  proposed  but  important  aspects  of  the 
technology  involved  have  yet  to  be  proven  on  an  experimental  basis. 


TABLE  1 


Cost  Comparisons  For  Wastewater  Treatment  Alternatives 
In  The  Cleve land-Akron  Area 

A.)  Annual  Comparative  Costs  C,000)^ 


Sys  tem 
Technology 


Total 

2 


Local 

5 


Capital 

OM 

Total 

Capital 

OM 

Total 

1 

Land 

120,900 

62,300 

183,200 

30,225 

62,300 

92,5^5 

2 

Water 

(Advanced 

Biological) 

64,200 

84, 300 

148,500 

16,050 

84,300 

100,350 

3, 

Water 

50,500 

94,100 

144,600 

12,625 

94,100 

106,725 

(Physical 

Chemical) 


B,)  Relative  System  Costs'^ 

1,267 

1.027 

1.000 


SOURCE;  Wright -McLaughlin  Engineers  U.S.  Army  Corps  of  Engineers 
Cleveland-Akron  Three  Rivers  Watershed  Wastewater  Management  Survey 
Scope  Study  Formulation  Technical  Appendix  Development  of  Array  of 
Alternative  Regional  Plans  for  Wastewater  Management,  November,  1972 
Summary  Section  Table  4,  All  systems  were  designed  to  achieve  the 
same  water  quality  standards  for  year  2020  wasteloads.  The  costs  of 
treating  separate  stormwater  runoff  are  not  included. 

^Total  annual  comparative  cost  (col.  3)  is  the  sum  of  year  2020  0 and 
M costs  (col.  2)  plus  depreciation  and  interest  (7%)  on  year  2020 
capital  requirements  (col.  1).  Total  capital  requirements  for  the 
systems  were;  1)  $1,614,400;  2)  $838,600  and  3)  $603,300. 

^Column  4 is  25%  of  column  1 since  this  represents  the  local  share  of 
capital  costs  under  the  proposed  financing  arrangements. 

^Based  upon  section  A.  Each  figure  was  derived  by  dividing  the  cost  for 
the  plan  by  the  cost  for  the  low  cost  plan  in  the  specific  category. 
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The  39  million  dollar  bias  present  in  this  example  is,  however, 
far  short  of  the  maximum  bias  that  might  be  generated  given  the  cost 
structures  of  the  various  alternatives.  The  maximum  bias  may  be  de- 
fined as  the  maximum  increase  in  total  cost  that  could  be  generated 
by  local  choice  and  the  proposed  financing  arrangements.  In  other 
words,  it  is  the  maximum  difference  in  total  cost  between  a high 
capital  cost  system  and  a low  capital  cost  system  that  is  compatible 
with  local  choice  of  the  high  capital  cost  system  on  financial  grounds 
alone.  The  maximum  bias  among  the  three  systems  shown  may  be  calcu- 

g 

lated  by  using  the  capital  to  total  cost  ratios  for  systems  1 and  3, 

and  then  equating  local  costs  for  the  two  systems  under  the  proposed 

financing  arrangements.  This  has  been  done  in  equation  (1)  where  Tj^ 

represents  total  cost  for  system  1 and  T^  represents  total  cost  for 

g 

system  3: 

(1)  .25  (.66  T^)  + .33  T^^  - .25  (.35  T^)  ♦ .65  Tj 

Tj  - 1.490  Tj 

In  other  words,  the  maximum  bias  that  could  be  generated  in  a choice 
between  a land  system  with  a capital  to  total  cost  ratio  of  .66 
and  a water  based  system  with  a corresponding  ratio  of  .35  would 
increase  costs  by  about  49  percent. 


®The  size  of  the  potential  bias  will  increase  as  the  difference 
among  svstems  betwen  the  capital  to  total  cost  ratios  increases. 

Thus , the  largest  potential  bias  in  the  Cleveland-Akron  example  is 
associated  with  the  choice  between  systems  1 and  3 where  this  ratio 
ranges  from  .66  to  .35. 

^The  first  term  on  each  side  of  the  equation  represents  the 
local  share  of  capital  costs.  The  second  term  represents  the  0 and 
M costs,  all  of  which  is  borne  at  the  local  level. 

similar,  but  much  smaller  maximum  bias  amounting  to  just 
under  91  of  total  costs  exists  when  the  choice  is  between  water 
based  systems  2 and  3. 


j 
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Inpact  of  Industrial  User  Fees 


The  amendment  also  requires  that  localities  place  user  charges 


upon  industries  to  cover  the  industrial  share  of  both  total  capital 
and  0 and  M costs. Thus,  the  local  industries  will  clearly  favor 
the  lowest  cost  alternative  available  since  the  percent  of  total 
costs  allocable  to  industries  will  be  the  same  regardless  of  the 
system  chosen.  But  tlie  situation  confronting  the  remainder  of  the 
local  community  is  considerably  different.  The  non - indus tr ial  sec- 
tor of  the  local  community  is  not  obligated  to  pay  back  the  federal 
share  of  original  capital  costs.  The  recovery  of  funds  in  this  man- 
ner IS,  however,  limited  to  the  smaller  of  the  two  following  amounts 
(1)  the  sum  of  the  local  contribution  to  original  capital  costs  and 
expected  replacement  and  expansion  expenses;  and  (2)  50  percent  of 

the  industrial  user  fees  attributable  to  the  federal  share  of  capi - 
12 

tal  costs.  In  general,  the  effective  limit  should  be  associated 
with  the  second  condition.  To  demonstrate  this,  let  a = the  in- 
dustrial share  of  total  local  wasteload  and  K » original  capital 
costs.  Ignoring  replacement  and  expansion  expenses,  the  amounts 
under  limits  1 and  2 will  be  equal  when  .5(a  .75K)  = .2SK  or  where 
a « .60(1.  If  the  industrial  share  of  total  local  wasteload  is 
less  than  .506,  then  the  effective  constraint  will  be  number  2, 
i .e . , 5 (a  . 75K) . 

^ ^ Ibid , p.  8866  section  204  (b)  (1).  Industries  will  thus  be 
required  to  pay  their  share  of  (1)  0 and  M costs,  (2)  the  25%  local 
share  of  capital  costs,  and  (3)  the  75%  federal  government  share  of 
capital  costs  . 

^*~Ibid , p.  8866  section  204  (b)  (3). 


The  total  financial  burden  placed  upon  the  non- industrial  sec- 


tor of  the  locality  will  be  given  by  expression  2: 

(2)  (1  - a)  (0  ♦ M)  ♦ .25(1  - a)K  - .5(a  .75K) 

where  0 ♦ M denotes  operation  and  maintenance  (including  replace- 
ment) costs  and  a and  K are  as  defined  above,  Expression  2 reduces  to 

(3)  (1  - a)  (0  ♦ M)  ♦ .25K  - a.625K 

The  range  of  capital  costs  borne  by  the  non- industrial  local  sector 
will  be  from  .25K  when  a ■ 0 (the  purely  residential  community  of 
section  I)  to  0 when  a > .4 . If  none  of  the  capital  costs  are  borne 
by  the  non-industrial  sector  of  the  local  community,  the  maximum 
possible  bias  introduced  by  the  financing  arrangements  would  raise 
costs  by  about  97  percent. In  general,  the  higher  the  value  of 
a,  the  less  will  be  the  importance  of  capital  costs  to  local  resi- 
dents and  the  greater  will  be  the  potential  bias. 

It  is  difficult  to  estimate,  even  very  crudely,  a representa- 
tive value  for  a.  To  be  reliable,  such  an  estimate  would  have  to 
predict  the  response  of  industry  to  the  new  regulations  and  user 
fees  contained  in  the  amendment.  In  the  Cleveland-Akron  area,  based 
upon  volume  alone,  a is  currently  in  the  neighborhood  of  .2.  Con- 
siderations relating  to  the  strength  of  the  wasteload  might  increase 
this  figure  somewhat,  but,  on  the  other  hand,  the  industrial  response 
to  the  new  regulations  might  lower  the  figure  significantly.  The 

maximum  potential  bias  associated  with  an  a of  .2  would  increase 

1 4 

costs  by  about  b8  percent. 

^^Derived  from  equation  1 with  0.0  replacing  the  .25  local 
capital  share. 

1 4 

Derived  from  equation  1. 
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Industries  located  in  highly  industrialized  areas  might  be  placed  ; 

in  a very  difficult  position.  Their  only  defense  would  seem  to  be  ^ 

in  the  form  of  an  appeal  to  the  voting  public  either;  (1)  to  reduce  a 

the  size  of  the  q used  in  assessing  tlie  industrial  user  fees,  or 

(2)  to  adopt  a cosmopolitan  point  of  view  and  select  the  low  cost  | 

system  even  though  tliis  system  may  entail  higher  costs  for  local  | 

residents.  \eitl»er  form  of  appeal  appears  very  promising.  The 
level  of  a can  be  determined  witli  some  objectivity.  The  amendments 
actually  rc<|uire  that  tlie  value  of  a be  approved  by  the  federal  pro- 
gram administrator.^'*  In  addition,  local  residents  may  be  quite 
hesitant  to  bear  higlier  taxes  and  user  fees,  particularly  if  they 
feel  that  tlie  iiiglier  industrial  costs  will  be  passed  on  primarily 

to  consumers  in  other  localities.  3 


3 . Summary  and  Suggested  Modifications 

The  practice  of  subsidizing  capital  costs  but  not  0 and  M costs 
has  not,  in  the  past  given  rise  to  the  type  of  bias  discussed  above. 
Once  tiie  level  of  wastewater  treatment  was  decided  upon,  the  system 
choices  available  to  localities  did  not  differ  markedly  with  respect 
to  capital  requirements.  Hut  the  development  of  land  treatment 
teclinology  has  altered  tiie  choice  structure  significantly.  The  high 
ratio  of  capital  to  total  costs  exhibited  by  land  treatment  systems 
will  make  them  "artificially"  attractive  to  localities  who  bear  only 

^ ^Ihid , p.  88bO  section  204  (b)  (1). 

^^Land  treatment  may  significantly  reduce  the  internal  treat- 
ment costs  imposed  upon  industries.  The  feasibility  of  such  costs 
reductions  has  not  yet  been  clearly  established  but  they  do  appear 
potentially  capable  of  offsetting  a large  part  of  the  ant i - i ndus try 
i)ias  contained  in  the  financing  arrangements.  See  footnote  19  infra. 
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a small  portion  of  the  high  capital  costs  involved. 


It  is  difficult  to  estimate  the  extra  cost  which  would  actually 

be  generate/  in  practice  by  the  federal  financing  provisions.  It 

is  highly  unlikely  that  the  maximum  bias  will  occur  in  the  selection 

between  any  two  given  alternatives.  The  increase  in  cost  could, 

however,  be  quite  significant.  This  is  illustrated  by  the  Cleveland- 

Akron  alternatives  where  the  financing  provisions  point  toward  the 

selection  of  a system  involving  a 27  percent  ($39,000,000  annually) 

1 7 

increase  in  cost  over  the  lower  cost  alternative.-^ 

The  preceeding  discussion  does  not,  in  any  way,  support  the 
conclusion  that  the  use  of  land  treatment  technology  is  inadvisable 
per  se . Because  the  discussion  centered  around  the  potential  bias 
introduced  by  the  new  financing  arrangements,  the  illustrations  pre- 
sented were  chosen  so  that  the  capital  intensive  systems  were  also 
the  high  cost  systems.  This  does  not,  of  course,  have  to  be  the 
case.  The  economic  (and  ecological)  advisability  of  using  land 
treatment  methods  will  depend  upon  a host  of  local  conditions  inclu- 
ding the  amounts  and  location  of  acceptable  soil  types,  land  costs, 
climate  and  hydrologic  and  geologic  conditions.  It  is  quite  likely 
that  in  many  parts  of  the  country  land  technology  will  prove  more 
economical  than  water  based  technology.  In  such  cases,  the  new 

^^In  a period  of  rapid  technological  advance,  another  objec- 
tion may  be  directed  toward  the  proposed  federal  financing  arrange- 
ments. These  financing  arrangements  provide  a strong  incentive  for 
the  construction  of  systems  entailing  high  capital  costs.  Such  sys- 
tems are  relatively  inflexible  since  they  cannot  respond  as  rapidly 
as  can  low  capital  cost  systems  to  technological  improvement.  We 
cannot  be  sure  that  rapid  technological  progress  will  be  made  in 
this  area,  but  our  heightened  national  concern  over  water  quality 
problems  does  point  in  this  direction. 

D-9 


financing  arrangements  will  not  introduce  a bias  into  the  selection 
process.  But  there  remains  a distinct  possibility  that  tne  finan- 
cing arrangements  will  lead  to  the  use  of  land  treatment  technology 
in  localities  where  less  costly  alternatives  are  available. The 
criticism  of  the  proposed  financing  arrangements  leaves  an  obvious 
question  unanswered.  If  the  public  decides  that  a significant 
federal  subsidy  is  justified  on  the  grounds  of  benefits  accruing  to 
the  non-local  segment  of  the  nation,  then  how  can  this  subsidy  be 
given  without  generating  the  inefficiencies  discussed  above?  There 
seem  to  be  a number  of  possibilities. 

The  simplest  solution  would  be  to  remove  the  element  of  local 
choice  among  treatment  systems.  The  Environmental  Protection  Agency 
(EPA)  would  choose  tlie  low  cost  system  and  the  locality  would  then 
be  required  to  implement  this  particular  system.  This  obviously 
eliminates  tlic  possibility  of  a high  cost  system  being  selected 
over  a low  cost  system.  However,  there  appear  to  be  strong  reasons 
for  maintaining  local  choice  in  this  matter  if  it  is  at  all  possible 

1 8 

A different  type  of  bias  may  result  if  the  benefits  accruing 
to  individuals  outside  the  locality  either  exceeds  or  falls  short  of 
the  federal  subsidy.  Considerations  relating  to  the  appropriate 
portion  of  project  costs  to  be  borne  by  the  federal  government  are 
beyond  the  scope  of  this  note. 

^^At  this  point  in  time  our  lack  of  experience  with  large  land 
treatment  systems  makes  it  very  difficult  to  cost  them  properly. 

There  are  a number  of  potentially  important  cost  offsets  associated 
with  the  Cleve land -Akron  area  land  treatment  systems  that  have  not 
been  incorporated  into  the  Table  1 figures.  Among  these  are; 

(1)  the  use  of  effluent  water  for  coding  purposes  in  the  electric 
power  industry.  This  could  produce  an  annual  revenue  of  3 to  b 
million  dollars.  (2)  the  revenue  from  agricultural  output  grown  on 
irrigated  lands--this  might,  in  some  cases,  amount  to  $5  million 
per  year,  and  (3)  reduced  costs  associated  with  the  industrial  pre- 
treatment of  wastewater -- the  potential  saving  from  this  source  ranges 
from  $5  million  to  $30  million  annually.  Further  consideration  of 
and  experimentation  with  land  treatment  technology  definitely  seems 
to  be  warranted. 
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to  do  so.  Different  treatment  systems  will  give  rise  to  signifi- 
cantly different  environmental  and  ecological  effects  which  simply 
cannot  be  incorporated  accurately  into  the  cost  estimates.  Among 
these  effects  are  changes  in  land  use  patterns,  changes  in  terres- 
trial and  aquatic  life,  changes  in  stream  flow  characteristics, 
changes  in  the  quality  and  location  of  water  based  recreational 
activities  and  changes  in  the  quality  of  ground  water  supplies.  The 
local  choice  option  provides  a mechanism  for  evaluating  these  differ- 
ential effects.  If  the  locality  chooses  a high  cost  system,  then  it 
is  implicitly  stating  that  this  system  has  environmental  and  ecolo- 
gical advantages  that  more  than  offset  its  higher  cost.  Since  there 

seems  to  be  no  other  way  to  measure  these  non-pecuniary  effects,  the 

20 

local  choice  option  should  only  be  discarded  as  a last  resort. 

The  bias  generated  by  the  federal  financing  provisions  might  be 
mitigated  somewhat  by  manipulating  the  types  of  capital  eligible 
for  federal  subsidies.  Capital  peculiar  to  land  treatment  systems, 
e.g.,  land  purchase,  relocation  expenses,  irrigation  and  drainage 
capital,  could  be  denied  the  federal  subsidy.  This  procedure  would 
not  succeed  in  equating  the  ratio  of  eligible  capital  costs  to  total 
costs  for  land  and  water  based  systems  in  all  of  the  individual  local- 
ities throughout  the  nation.  The  variability  in  the  relative  impor- 
tance of  the  various  types  of  capital  making  up  land  treatment 
systems  would  prevent  such  a general  equalization  from  occurring. 
Administration  would  thus  be  cumbersome  and  difficult,  and  it  is 

^^Localities  may  also  place  a positive  value  upon  local  choice 
per  se . Although  it  is  difficult  to  quantify,  there  is  little  doubt 
that  individuals  do  place  some  value  upon  being  able  to  control  their 
own  destiny. 
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quite  likely  that  much  inefficiency  would  remain. 

A preferable  alternative  involves  the  extension  of  the  federal 
subsidy  to  0 and  M costs  as  well  as  to  capital  costs.  Complete  eli- 
mination of  the  bias  would  further  require  one  of  the  following: 

(1)  the  elimination  of  the  provision  allowing  the  locality  to  retain 
some  portion  of  the  industrial  user  fees  attributable  to  the  federal 
share  of  capital  costs,  or  (2)  extension  of  the  provision  allowing 
the  locality  to  retain  some  portion  of  the  industrial  user  fees 
attributable  to  the  federal  share  of  capital  costs  to  0 and  M costs 
on  the  same  basis.  Either  adjustment  in  the  treatment  of  industrial 
user  fees  would  completely  remove  the  bias.  In  the  first  case,  the 
locality  would  simply  be  required  to  pay  a specified  percentage  of 
total  costs  and  they  would  receive  no  offsetting  revenues  of  any 
kind  to  defray  their  share  of  these  total  costs.  Thus,  other  things 
being  equal,  they  would  obviously  choose  the  low  cost  system.  In 
the  second  case,  the  financial  obligation  of  the  local  non-industrial 
sector  is  given  by  expression  4: 

(4)  (1  - a)  S(0  + M)  ♦ (1  - a)  SK  - .5a  (1  -S)  K - .5a  (1  - S)  (0  + M) 
where  S represents  the  local  portion  of  both  capital  and  0 and  M costs. 
Expression  4 reduces  to; 

(5)  (S  - .5a  S - .5a)  [K  + (0  + M) ] 

The  term  S - .5a  S - .5a  represents  the  percentage  of  both  capital 
and  0 and  M costs  borne  locally  by  the  non- industrial  sector.  The 
low  cost  system  would  therefore,  be  chosen  by  the  local  residents. 

The  distributive  effects  associated  with  the  two  adjustments 
would,  however,  be  different.  Highly  industrialized  communities 
would  suffer  larger  losses  than  would  residential  communities  if 
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localities  were  no  longer  given  a portion  of  the  industrial  user 
fees  attributable  to  the  federal  share  of  capital  costs.  This 
results  from  the  fact  that  under  the  existing  financial  arrangements 
highly  industrialized  communities  are  in  effect  given  a larger  capi- 
tal subsidy  than  are  primarily  residential  communities.  Unless 
there  is  some  compelling  reason  for  favoring  highly  industrialized 
communities,  the  best  federal  financing  arrangements  would  seem  to 
involve  equal  percentage  subsidies  for  both  capital  and  0 and  M costs 
coupled  with  the  complete  retention  by  the  federal  government  of  all 
industrial  user  fees  attributable  to  the  federal  subsidies.  Needless 
to  say,  budget  constraints,  and  perhaps  considerations  relating  to 
the  proper  amount  of  the  total  federal  subsidy  would  dictate  that 
the  percentage  subsidy  applied  to  total  costs  be  significantly  less 
than  the  75  percent  figure  currently  proposed  for  application  to 
capital  costs  alone. 
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Attachment  i; 


THE  FISCAL  CAPACITY  OF  THE  CLEVELAND-AKRON 
METROPOLITAN  REGION 

One  of  the  foremost  problems  confronted  by  the  wastewater 
management  authority  is  to  find  ways  and  means  to  finance  the 
program.  Three  main  sources  of  financing  available  to  the  counties 
are:  (1)  Tax  Revenues,  f2)  Nontax  Revenues,  and  (3)  Debt. 

The  major  source  of  revenue  are  taxes  which  are  supplemented 
by  nontax  revenues  and  debt.  Tlie  capacity  of  raising  money  through 
debt  depends  mainly  upon  the  local  wealth,  tlie  main  constituent  ol 
which  are  property  values.  Therefore,  in  tliis  report  we  will  be 
mainly  concerned  with  taxes. 

In  order  to  assess  the  financing  capability  of  the  counties 
in  the  study  area,  as  well  as  of  counties  outside  the  study  area 
which  will  also  benefit  from  the  program,  we  have  to  evaluate  tlie 
financing  capability  in  terms  of  two  measures:  (A)  Revenue 

capacity  and  (B)  Revenue  effort. 

A.  Revenue  Capacity 

The  revenue  capacity  of  the  county  is  defined  as  tlie  total 
amount  of  revenue  that  would  result  within  the  county  by  applying 
the  state  average  rate  of  the  varied  kinds  of  local  revenue 
sources.  The  following  formula  whicli  was  used  to  estimate  revenue 
capacity  of  property  taxes  will  iielp  us  understand  this  measure. 


* The  methodology  of  this  report  is  based  ujion  tlie  methodology 
developed  in  Measur  i ng  t he  1 i sea  1 C'apac  i t y a nd  Effort  o 1 S t a t e 
and  Loca 1 Areas , Informat  ion  ReporrT  Advisory  Comm  1 ss ion  on 
Intergovernmental  Relations,  IVTTsFi  i ng  t on  , D.C.,  March,  1D71. 

Report  prepared  by  Dr.  Vijay  Mathur,  Cleveland  State  University. 
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This  revenue  capacity  mea'-ute  indicates  the  amount  of  revenue 
which,  the  county  could  have  ta’sed  Tad  it  taxed  the  local  propertv 
at  the  average  tax  late  ^ote  we  ate  using  I'cre  the  State  of  Oi'io 
as  a standard  whicl'  doe>^  not  deny  u'^  thp  u = e of  anv  other  ‘Standard, 
eg . , the  nation 

In  this  report  wp  will  genesate  revenue  capacity  of  income 
tax,  of  ‘^alc'^  tax,  of  properly  taxe‘i  and  of  all  these  taxes 
combined;  a kind  of  •=ummarv  measure. 

B . Revenue  Effort 

To  evaluate  the  financing  capability  of  the  county  we  also 
have  to  look  at  the  effort  that  ttiose  aiea"  are  making  to  raise 
revenue.  Revenue  effoil  i the  actual  ici'enue  from  a given  source 
as  a proportion  of  the  icvtnue  capacitv  In  symbols  following  the 
example  of  propertv  taxes: 

L_,  - •j/Cj  f41 
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where  is  total  property  taxes  levied  in  jth  county.  The  effort 
measures  are  obtained  for  eacn  of  the  taxes  mentioned  above,  as 
well  as  a summary  effort  measure  generated  to  gain  insights  into 
the  average  effort  being  made  by  counties 

The  fiscal  year  1970-71  was  used  because  this  is  the  latest 
year  for  which  all  the  data  relevant  to  this  study  is  available 

C . Overview  of  Current  Tax  Revenues 

The  data  presented  in  Table  I indicates  that  in  the  fiscal  year 
(1970-71)  out  of  the  total  tax  revenue  (i  e.  income  tax,  sales  tax 
and  property  taxes  combined),  over  80  percent  of  the  tax  revenue 
comes  from  property  taxes  in  the  counties  of  the  study  area  as  well 
as  in  counties  outside  the  study  area.  The  income  tax  revenue  varies 
between  1.9  to  14  7 percent  in  the  study  area  counties,  and  6.3 
percent  to  14.7  percent  in  counties  outside  tne  study  area.  Tnis 
suggests  considerable  room  for  potential  revenues  through  income 
taxes  in  the  area  as  a whole  In  regards  to  sales  tax,  there  are 
many  counties  which  have  not  utilized  the  piggyback  option  of 
0.5  percent  sales  tax.  Therefore,  the  percent  sales  tax  revenue 
varies  between  0 to  2.1  percent  in  the  study  area  and  0 to  2,1 
percent  outside  the  study  area.  Here  also  there  is  a potential 
for  generating  more  revenues  As  will  be  obvious  later  in  this 
report  the  potential  for  raising  revenues  from  property  taxes  is 
negligible . 
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per  year.  The  relative  importance  of  these  losses,  ranges  from 
the  very  small  to  over  14  percent  of  total  county  tax  revenue 
in  Crawford  County.  Finally,  it  should  be  noted  that  the  relative 
impact  of  these  tax  losses  is  much  smaller  for  the  in-basin  counties 
where  all  of  the  wastewater  is  produced  than  it  is  for  the  out-of- 
basin counties . ^ 

Columns  5,  6,  and  7 arc  based  upon  a particular  land  treatment 
plan  calling  for  the  use  of  47,000  acres  in-basin  and  200,000  acres 
out-of -basin . The  acreage  figures  for  each  county  were  derived  by 
multiplying  the  percent  of  total  available  land  (either  in-basin  or 
out-of-basin)  by  the  total  land  requirement  for  the  given  area  spe- 
cified by  the  particular  plan.  Thus,  the  column  6 and  7 figures 

give  a reasonable  approximation  of  the  total  tax  impact  of  an 

3 

actual  land  treatment  plan. 

The  column  6 and  7 figures  are,  of  course,  much  smaller  than 
their  column  3 and  4 counterparts.  The  impact,  however,  still 
appears  quite  significant  in  a number  of  cases.  Two  counties  are 
shown  losing  over  one  quarter  of  a million  dollars  and  three  addi- 
tional counties  exhibit  losses  of  over  $100,000.  The  relative 

2 

This  may  prove  to  be  a typical  pattern  since  the  areas  pro- 
ducing the  greatest  quantities  of  wastewater  are  likely  to  be 
highly  urbanized.  Such  areas  will,  in  general,  have  less  land 
available  which  is  suitable  for  the  land  treatment  of  wastewater. 

^The  land  treatment  plan  chosen  represents  a maximum  land  use. 
By  selecting  lands  with  higher  application  rates,  it  is  possible 
that  the  land  requirements  could  be  reduced  significantly.  Never- 
the-less,  concentration  of  the  land  sites  would  still  give  rise  to 
most  of  the  problems  discussed  in  the  text. 
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Estimation  Procedure 


D.  Reve: 


1 . 

(a)  Income  Tax 

(]  ) Actual  Revenue 

Total  income  tax  out  of  personal  income  for  each  county  (Col, 
1,  Table  1 j was  obtained  by  summing  the  net  income  tax  col 
lections  (income  tax  collections  after  refund)  of  each  muni- 
cipality in  that  county.  Net  income  tax  collections  out  of 
personal  income  for  each  municipality  were  obtained  by 
multiplying  the  net  income  tax  collections  (after  refunds) 
out  of  all  sources  in  each  municipality  of  the  county  that 
institutes  an  income  tax  in  Ohio  by  the  proportion  of  net 
collections  from  personal  income  (wages,  salaries,  commissions) 
of  each  municipality.^ 

(2)  Revenue  Capacity  and  Effort 

In  order  to  estimate  revenue  capacity  of  income  tax  in  each 

county  we  had  to  generate  estimates  of  personal  income  for  each 

county  because  of  the  unavailability  of  this  data.  Utilizing 

Census  data  for  1970,  we  calculated  the  total  income  from 

2 

all  sources  in  each  county,  where  Yj , Pj  and  represent  total 


^Data  Source'  Statistics  on  Municipal  Income  Taxes  in  Ohio , 
Ohio  Municipal  League,  Columbus,  Ohio,  1971 

2 

Data  on  Pj  and  Yj  was  obtained  from  Summary  of  Social 
Characteristics  by  Counties , General  Social  and  Economic  CEar- 
acteristics  oT~Ofiio , Table  43  and  Income  and  Poverty  Status  in 
fl>69  for  Counties  in  Ohio , Table  1 2 4 , U . S”  bureau  of  Census , pc 
(1 ) - c 37,  Washington,  DC.,  1970. 
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income  from  all  source'^,  population  and  average  income  of  the 
ith  county  respect  ive  Iv  . Summing  '' j ' “ over  all  counties  within 
a given  SMSA  (Standard  Metropolitan  Statistical  Aiea)  will  result 
in  total  income  1 i om  all  "-ources  for  tliat  particular  SMSA  Assume 
that  the  propoition  ol  a countv's  income  from  all  'Sources  witliin 
an  SMSA  to  thi'  t'til  SM'AA  income  from  all  source^  i tl'c  same  a‘= 
the  proportion  of  tl'.it  countv’s  per'^onal  income  to  t l>e  total 
personal  ’ncome  oi  the  SMSA  to  whiclitiie  county  belongs  Then 
the  personal  income  of  tin;  jth  county  can  t'o  olUained  as  follows' 


and 


I -1  PJ 


(b  1) 


where  Y and  Y are  respectively  personal  income  of  the  jtli 
county  within  the  SMSA  and  total  personal  income  of  toe  SMSA^ 
to  which  the  countv  belongs  After  generating  e-timatcs  of 
personal  income  for  each  county  we  estimated  the  revenue 
capacity  of  income  tax  (‘-jj)  for  each  county  by  multiplving 
Ypj  by  the  average  income  tax  rate.  In  symbols, 


‘’ll  = t Y 
! I PJ 


cn 


^Data  on  total  per'^onal  income  for  SMSA  and  non-SMSA 
counties  for  ''elected  vears  between  192‘1-19'^0  wa'^  obtained  from 
North -Last  Ohio  Arcawide  Coordinating  Agency  (NOAL'A)  which  generated 
this  data  from  tTu*  tapes  provided  by  iJ  . S fiurcau  of  Ccn'-'iis, 
Washington,  1'  0 . 
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where  t is  the  average  income  tax  rate  Since  most  of  the 
municipalities  in  different  counties  in  the  state  of  Ohio  have  an 
income  tax  rate  of  1 0 percent,  therefore  t = 0 01  'lie 
capacity  measure  ('||  suggests  tliat  the  jth  county  would  be  able 
to  raise  revenues  from  income  tax  equal  to  , I'ad  it  taxed 
its  personal  income  at  the  average  rate  of  t f'-ee  'ol  ?,  ’’able 
2 ).  Similar  interpretation  applic:^  to  capac  i » y mca'-ures  of 
other  forms  of  taxes 

The  revenue  effort  of  income  tax  is  the  ratio  of  actual  iu;t 
income  tax  collections  in  the  county  to  the  revenue  capacity 
For  example,  Col  3 Table  2 , Cuyahoga  County  i " making  "’2  per- 
cent effort  while  Geauga  is  making  10  percent  effort  compared 
to  their  capacity  to  raise  revenues  from  income  tax  All  the 
counties  combined  are  making  only  65  percent  effort 

(b)  Sales  Tax 

(1)  Actual  Revenue 

To  obtain  revenue  capacity  and  effort  of  '^ales  tax  the  first 
step  was  to  obtain  the  taxable  retail  sales  for  each  county 
We  had  data  on  sales  tax  collections  by  counties  for  the  year 

4 

l^’O.  But  thi':  data  includes  not  only  state  sales  tax  at  the 
rate  of  4 0 percent,  but  also  the  piggy-back  sale-^  tax  at  tiie 
rate  of  0.5  percent  allowed  to  the  countie'^  by  law  But  some 
counties  have  utilized  this  piggy -back  option  while  some  have 
not.  In  the  case  of  counties  which  have  piggy -liack  tax  we 

■^Sales  tax  collections  by  counties,  Statemi'iit  No  4,  1071 
Annual  Report , Ohio  'reasuier  of  State,  ('olumbus,  Ohio 
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divided  the  county's  sales  tax  collections  by  0 045  and  for 
those  counties  which  do  not  have  piggy  back  sales  tax,  we 
divided  tlieir  sales  tax  collections  by  0 04  to  obtain  taxable 
retail  sales  llierefore  in  count  le'^  wliich  do  not  l;ave  piggy 
back  tax,  the  actual  sales  tax  revenue  will  be  zero  and  the 
revenue  in  counties  which  have  05  peiccnt  piggv-back  tax, 
will  be  0 110  5 time<  the  taxable  retail  ‘^ales  (e'ol  . 4,  Table  2) 

'(2)  K^venue  h'apacitv  and  Iflort 
Since  0.5  percent  piggy  back  tax  is  the  maximum  allowable  tax 
rate,  the  revenue  capacity  of  counties  which  utilize  tliis  optica 
will  be  the  same  as  actual  revenue  or  taxes  On  the  aggregate 
we  find  that  counties  are  making  onlv  58  percent  of  the  total 
possible  efl'ort  of  ]00  percent 
(c J Property  iaxe« 

(1)  ictual  Revenue 

This  is  the  sum  ol  taxes  levied  in  eacli  countv  on  real, 
public  utility  and  tangible  pei'^onal  property  ^ intangible 
property  was  disregarded  because  revenue'^  from  this  source  are 
committed  by  law  to  specific  purpc'^es  e g , libraries 

(2)  Revenue  Capacity  and  Tffort 
Capacity  (Col.  8,  I able  2 } was  obtained  as  follows: 

^Data  was  olUained  from  Assessed  Va 1 uat ion  o f keal  Pub  1 ic 
Utility  and  Tang  i b le  I’ersonal  Trope  rty~Taxes  Ievied~57~  Local 
Gove rnments  in  Ohio  Due  and  hayable  in  Calendar  Year  1971, 

Table  69  5 ^ "nfGfTj  Tlivision  of  (bounty  T i f a i r s , ITepartment  of 
Taxation,  Columlius,  Ohio 


Table  2-  Revenue  Capacity  (1970-71) 


Uc  converted  llie  assessed  valuation  ol  teal, 
public  utility  and  tangible  personal  properties  to 
tlieir  market  value‘s  for  eacli  county  by  u'-ing  tlic 
assessment  ratio'-  for  cacb  type  of  property  lire 
assessment  ratio‘s  for  real  property  varietl  from  county 
to  county"^  wliile  tbe  '-e merit  ratio  of  5*'  percent  was 
used  in  tlic  case  of  public  utility  and  tangil'le  p(>  r 
sonal  propertie*^  let  us  suppose  tl'at  we  obtain 
market  value  of  leal  property  • publi(  utility 

(Mpj  ) , and  of  tangible  personal  property  bv 

using  tlie  above  procedure  Then  tlie  average  tax  rate 
for  real  and  public  utility  property  combini  d i " ' 


MM’ 


iL_i!illl 

>'j  - Mp,) 


(8) 


whe  re 


Rp  j 


i tire  tax("^  levied  on  real  and  piiblii.  utility 


property  comlrined  in  ith  countv  Ke  liail  to  combine  Mj^j 
and  M|,j  bccau'-i’  data  on  taxes  levied  i •-  g.iren  loi  teal 
and  public  utility  property  comlrined  Hu'  average 
tax  rate  on  tangible  personal  irroperty  (i|)  is  ob- 
tained by  using  equation  (1)  Ihorv'frrie  the  icveiuie 
capacity  of  pioperty  taxes  in  each  ccruiity  (Tel  8, 


b 1 b i d . 

Sumiiia  ry  o(_  1 ii  1 o i ina  t ion  ^ L’  jjJuali^aMon  of  Real 

I’ropctTy  1 ax  Ta  1 Ires  In  oTrl  o fo£  JjUi  rT9  7 1 ) , 

Division  of  (.iounty  ArTaTrs,  ITepartinont  of  Taxation,  loliimbus,  Ohio 

^'lliis  figure  of  aO  )r('reent  a'^se--'-men  t rat  it'  loi  iru'rlic 
utility  and  tangible  personal  proiieitie-^  was  piovidod  b\  Kcitii 
Smitli,  I’ub  1 i '•  Htilitv  I'epartment,  Deiraitment  ol  'axation, 

Co  1 uinbiis  , Ohio. 
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Table  2 ) is : 


1 


' ’'Rp  ^ * ’"T  ^T]  (9) 

For  example,  revenue  capacity  of  property  taxes  in 
Ashtabula  is  $17,971,000  while  in  Cuyahoga  it  is 
$334,996,000 

The  effort  (('ol  9,  Table  2 ) is  again  the  ratio 

of  actual  to  capacity.  It  would  he  obvious  from  this 
column  that  a majority  of  the  counties  are  making  more 
than  100  percent  effort  It  is  indicative  of  the 
excess  burden  placed  on  countie*^  as  regards  to  property 
taxes.  Ihere  does  not  seem  to  be  much  hope  of  raising 
revenues  from  property  taxes.  On  the  aggregate  all  the 
counties  in  this  study  are  making  113  percent  effort; 

13  percent  more  than  warranted  by  their  aggregate  capacity 

2 . Total  Revenue  Capacity  and  Effort 
Summing  the  revenue  capacity  of  income  tax,  sales  tax  and 
property  taxes  we  obtain  total  revenue  capacity  (<ol  11,  Table 
2 ).  Out  of  the  total  revenue  capacity  of  $946,125,000  of  all 
counties  combined,  Cuyahoga's  capacity  is  $423,998,000  followed 
by  Stark  ($78,519,000),  Lorain  ($57,465,000)  and  others. 
Comparing  this  total  capacity  with  actual  revenues,  all  the 
counties  combined  are  making  103  percent  effort  on  the  average. 
Note  this  average  is  boosted  by  117  percent  effort  by  Cuyahoga 
and  101  percent  by  Lake,  even  though  other  counties  are  making 
less  than  100  percent  effort  (Col  12,  Table  2 ) 

At  this  point  we  can  draw  one  conclusion  that  the  only 
feasible  revenue  sources  are  income  tax  and  sales  tax  We 
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can  generate  ^>59,710,000  extra  revenue  from  income  lax  if  all 

I 

the  municipal  i t ie'^  in  the  respective  counties  institutf  1.0 
percent  average  tax  rate,  and  $8,441  ,000  from  sale--  tax  if  all 
counties  levy  •'  5 percent  sales  tax.  'Hu  > e is  anntOcr  option 
open  to  tiic  autlioiities  In-tead  oi  lecving  0 5 [icrient  piggy- 
back sales  tax  Oy  those  counties  wli  u h do  not  hav<  piggy-back  tax, 
they  raise  income  tax  rat>'  by  0 5 percent  over  and  above  the 
average  rate  of  10  percent  Ibis  wifi  lead  to  an  increase  of 
approximately  36  million  dollars  over  the  above  additional  capacity 
of  income  tax.  This  amount  is  considerably  greater  than  the  addi- 
tional sales  tax  capacity  of  approximately  8 million  dollars  and 
also  represents  a more  equitable  way  to  raise  revenues. 

E.  Revenue  Capacity  and  Effort  by  Utilizing  Different  Assuaptions 

1 

The  following  assumptions  were  used  for  different  taxes  to 
coMpute  the  capacity  and  effort  (Table  3). 

1.  An  average  income  tax  rate  of  l.S  percent  for  all  local 
governments  This  assumption  is  fair  and  conservative 

as  compared  to  other  localities  in  the  rest  of  the  country 
where  the  maximum  state  income  tax  rate  varies  between 
5.0  to  14.0  percent^  while  in  Ohio  it  is  only  3 5 percent.^® 

2.  An  average  piggy-back  sales  tax  rate  of  1.0  percent.  This 
assumption  is  also  not  out  of  line  as  a majority  of  local 

g 

State  and  Local  Government  Finances , Significant  Features 
1967  to  jg^O,  An  InTormation  Report.  Advisory  Coamiss ion  on  inter- 
governmental ReTations  (MJIK) , Washington,  D.C.,  Table  40, 

Novemtecr,  1969. 

^®This  information  is  based  upon  the  summary  of  the  final  act 
passed  by  Ohio  Legislature  on  December  20,  1971 
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governments  around  the  county  have  this  rate 
3.  A uniform  assessment  ratio  of  35  0 percent  in  the  case  of 
real  property  This  ratio  is  frequently  mentioned  at  the 
Department  of  Taxation  at  Columbus,  Ohio,  in  an  attempt  to 
have  uniform  as-^essment  practices  I'h  i s attempt  towards 
uniformity  followed  the  recent  derision  of  tlie  Supreme  Court 
of  Ohio  in  State  Ex  Red  Park  Invest  Co  V 3d  of  Tax  Appeals 
on  June  2,  lh"'l 

Utilizing  the  above  assumptions  revenue  capacities  were 
calculated  for  all  three  types  of  taxes  p'abie  3 1 he  find  an 
additional  capacity  of  $145,279,000  in  income  tax,  an  additional 
capacity  of  $28,089,000  in  sales  tax  In  the  case  of  property 
tax  capacity,  in  spite  of  uniformity  in  the  asses'^ment  of  real 
property,  it  is  still  lower  than  the  actual  property  taxes  In 
other  words  all  the  counties  combined  are  still  making  more  than 
100  percent  effort  whicli  further  confirms  our  l^'clief  that  property 
taxes  will  not  be  potential  revenue  sources  The  total  effort  is 
107  percent  (Col.  9,  table  3 J out  of  which  Cuvahoga  is  making 
122  percent  effort,  considerably  larger  than  othci  counties  A 
more  equitable  solution  can  be  found  by  redistributing  the  effort 
among  counties  and  reducing  the  average  effort  from  10?  to  100 
percent  and  compensating  this  reduction  of  ^ percent  bv  income 
tax  and/or  sales  tax  where  tiie  average  effort  is  only  43  and  29 
percent  respci.  t i ve  1 y 4 0 . 5 percent  increase  in  income  tax  rate 
over  and  aliove  1 '>  percent  will  more  than  compensate  the  revenue 

11 
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decrease  if  wo  make  tl'c  avorayc  ofiort  in  propc-jtv  taxes  equal 


to  100  percent  Oneo  ai;ain  even  tlii'-  iiuome  tax  rate  of  two  per 
cent  for  local  government  is  not  at  all  mucli  in  t lu-  light  of  a miu  li 
lower  State  of  Oh  i o ineome  tax  rale  as  eompari'd  to  ntlu-f  "tales 
In  a similar  manner  "omo  other  possible  scheme"^  eould  he  worked 
out  given  some  seriou'^  thought  to  the  tax  situation  in  Ohio. 

Without  anv  ol  the  ihove  cl'angc'^  one  can  t i 1 1 raise  an 
additional  rcvenui'  of  1 1 1 , 2 1 0 , 000  ho(:ause,  on  the  average,  counties 
are  making  on  1 v 00  p.  icent  of  tiu;  eflort  (('ol".  10,  11,  12,  (able 
5 ).  But  there  i"  ■ f'll  cons  i dc  ral' 1 e room  for  ia!"ing  income  tax 
and/or  sales  tax  ratO"  a"  has  alreadv  been  "uggested  above  This 
room  for  more  eflort  w;ii  furti’er  increase  if  vve  use  '^omc  other 
comparable  region  (i  e comparalMe  in  term‘d  of  vnalthl  or  tlir 
nation  as  a standard  'n  the  computation  ol  levinue  capacitio"  'he 
point  is  that  dli  • ■ ii  i-  the  wealth  if  it  ha"  tlie  ^ i 1 1 to  raise 
revenues  tor  finatuing  w,i"tewatei  tie.itment  program 

1- . Cone  1 us  I on 

This  report  I'lilv  i.on"idered  oxi"ting  souici"  i' l le  venue  and 
did  not  discuss  the  pns  ■- 1 1' i 1 i t v of  raising  revi-nue  i i om  other  forms 
of  taxation  suci'  a"  c('rpoiate  income  tax  whicli  mu"t  lu'  taki-n 
into  account  I’ollut'en  ciiarges  on  iiulustrii'"  or  etiu  i source" 
of  pollution  win  c n pc'lluti'  public  imters  is  .motiun  wav  to 
finance  the  progiam  and  a very  oflicient  om-  But  given  tlie 
present  forms  ot  taxai  ion,  income  tax  anil  "ale"  ta\  seem  to 
be  the  most  promi"ing  "ource"  ol  reva’inie 
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Attachment  F 


THE  IMPACT  OF  THE  LAND  TREATMENT  OF  WASTEWATER 
UPON  LOCAL  TAX  REVENUES 


The  extensive  use  of  land  treatment  techniques  may  require 
the  land  transfer  of  large  amounts  of  land  from  the  private  to  the 
public  sector  of  the  economy.  If  these  lands  are  removed  from  the 
tax  rolls  when  they  are  acquired  by  the  public  entity,  serious  tax 
losses  may  be  inflicted  upon  some  local  governmental  units.  The 
extent  of  the  potential  tax  losses  is  illustrated  by  the  Table  1 
figures . 

Column  1 gives  t]»e  total  property  tax  revenue  for  all  local 
governmental  units  within  the  listed  counties.  Columns  2,  3,  and 
4 are  based  upon  the  maximum  amount  of  land  in  each  county  that 
was  deemed  suitable  for  land  treatment  of  wastewater.^  Since 
the  maximum  amount  of  land  available  in  all  counties  combined  far 
exceeds  the  amount  required,  these  figures  would  not  be  simultane- 
ously realized  for  all  of  the  counties  listed.  It  is  possible  how- 
ever, that  maximum  usage  will  be  approached  in  some  individual 
cases . 

The  maximum  potential  impact  is  obviously  quite  large  in  a 
number  of  individual  counties.  Although  it  is  unlikely  that  the 
maximum  tax  loss  will  be  realized  in  very  many  cases,  there  are 
a number  of  counties  that  could  conceivably  lose  close  to  $1  million 

^Tax  revenue  (Col.  3 and  Col.  6)  is  based  upon  average  county 
tax  rates  and  the  average  value  for  agricultural  land  and  buildings 
in  each  county.  A preliminary  investigation  of  selected  land  treat- 
ment sites  indicated  that  their  value  was  somewhat  above  the  county- 
wide averages  used  in  Table  1.  Thus,  the  figures  presented  in 
columns  3 and  6 are  probably  somewhat  low.  However,  the  error  is 
certainly  not  large  enough  to  affect  any  of  the  analysis  based  upon 
Table  1 data. 
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TABLE  1 

COUNTY  TAX  REVENUE  (1971)  AND  POTENTIAL  TAX 
REVENUE  LOSS  ASSOCIATED  WITH  LAND 
TREATMENT  OF  WASTEWATER 


1 

2 

3 

4 

5 

6 

7 

County 
IN  BASIN 

Total 

Property 

Tax 

Revenue^ 

Max i mum 
Land  Treat 
mcnt  Acres 

Tax 

- Revenue 

Col  . 3 

Col  . 1 
(XlOO) 

Estimated 
Land  Treat 
nient  Acres 

4 

Tax 

Revenue 
on  5-^ 

Col  . 6 

Col  . 1 
(XlOO) 

Cuy ahoga 

$430,441 ,528 

36,570 

$ 865,612 

. 20 

4,404 

$ 

1 04,240 

. 02 

Geuaga 

1 2,504,691 

38,590 

332,260 

2.66 

4,644 

39,981 

. 32 

Lake 

42,834,006 

24,220 

279,014 

.65 

2,914 

33,569 

. 08 

Lorain 

49,536,525 

123,645 

829,658 

1 .67 

14,885 

99,878 

.20 

Medi na 

13,190,500 

91 ,680 

669,264 

5.07 

1 1 ,036 

80,560 

.61 

Portage 

19,036,796 

36,350 

739,857 

3.89 

4,376 

35,312 

. 1 9 

Summi t 

109,537,492 

39,385 

808,180 

. 74 

4,742 

97,312 

. 09 

TOTAL-in 

Basin 

$677,081 ,538 

390,440 

4,523,845 

.67 

47,001 

490,852 

.07 

OUT  OF 
BASIN 

Ashland 

$ 6,132,524 

14,840 

$ 88,446 

1 .44 

4,800 

$ 

28,608 

.47 

Crawford 

7,978,504 

193,515 

1,147,543 

14.38 

62,500 

370,625 

4 .64 

Erie 

15,240,741 

36,600 

276,696 

1 .82 

1 1 ,820 

89.359 

. 59 

Huron 

8,110,283 

183,720 

957,181 

11.80 

59,340 

309,161 

3.81 

Richland 

23,602,021 

18,525 

89,105 

3.8 

5,980 

28 , 764 

. 1 2 

Sandusky 

9,868,151 

52,915 

329,131 

3.33 

1 7,080 

106,238 

1 . 08 

Seneca 

9,063,783 

89,965 

438,129 

4.83 

29,060 

141  ,522 

1 . 56 

Wyandot 

2,988,928 

29,165 

130,367 

4 . 36 

9,420 

42,107 

1.41 

TOTAL-out 
of  Basin 

$ 82,984,935 

619,245 

3,456,598 

4.17 

200,000 

1 

,116,384 

1 . 35 

GRAND 

$760,066,473 

1 ,009,685 

$7,980,443 

1 .05 

247,001 

$1,607,236 

.21 

TOTAL 


]■ 


Source  notes  Table  i . 


1.  "Assessed  Valuation  of  Real,  Public  Utility  and  Tangible  Personal  Property 
Taxes  Levied  by  Local  Governments  in  Ohio  Due  and  Payable  in  the  Calendar 
Year  1971"  Mimeo  from  State  Department  of  Taxation,  Columbus,  Ohio, 

January  10,  1972. 

2.  Wright  McLaughlin  Engineers  Appendix:  Land  T rea  tment  Techni  cal  ^tj 

(U.S.  Army  Corps  of  Engineers,  Clevel anf-l^Fron  Three  Rivers  Waterslied 
Wastewater  Management  Survey  Scope  Study),  Table  II-l,  "Cl assi fcati  on 
of  Soil  Associations  Selected  as  Potential  Land  Treatment  Areas." 

3.  Derived  from  average  value  per  acre  of  agricultural  land  and  buildings 
contained  in  a letter  from  Mr.  Dale  Teeters,  Supervisor,  General  Section, 
Division  of  County  Affairs,  Board  of  Tax  Appeals.  No  information  was 
supplied  for  Cuyahoga  and  Medina  counties.  The  Summit  County  value 

was  used  for  Cuyahoga  and  for  Medina,  a weighted  average  of  the  figures 
for  Geauga,  Lake,  Lorain  and  Portage  counties  was  used. 

4.  Derived  from  Wright  McLaughlin  Engineers  Fo rmu 1 a t i on  Technical  Appendix: 
Development  of  Array  of  Alternative  Regional  Plans  for  Waste- 

water  Management,  "Plan  4"  (U.S.  Army  Corps  of  Engineers,  Cleveland- 
Akron  Three  Rivers  Watershed  Wastewater  Management  Survey  Scope  Study), 
November,  1972. 


per  year.  The  relative  importance  of  these  losses,  ranges  from 
tlie  very  small  to  over  14  percent  of  total  county  tax  revenue 
in  Crawford  County.  Finally,  it  should  be  noted  that  the  relative 
impact  of  tliese  tax  losses  is  much  smaller  for  the  in-basin  counties 

wliere  all  of  the  wastewater  is  produced  than  it  is  for  the  out-of- 

, . .2 
basin  counties. 

Columns  5,  o,  and  7 arc  based  upon  a particular  land  treatment 
plan  calling  for  the  use  of  47,000  acres  in-basin  and  200,000  acres 
out-of -basin . The  acreage  figures  for  eacli  county  were  derived  by 
multiplying  the  percent  of  total  available  land  (either  in-basin  or 
out-of-basin)  by  the  total  land  requirement  for  the  given  area  spe- 
cified by  the  particular  plan.  Thus,  the  column  6 and  7 figures 
give  a reasonable  approximation  of  the  total  tax  impact  of  an 
actual  land  treatment  plan."^ 

The  column  6 and  7 figures  are,  of  course,  much  smaller  than 
their  column  5 and  4 counterparts.  Tiie  impact,  however,  still 
appears  quite  significant  in  a number  of  cases.  Two  counties  are 
shown  losing  over  one  quarter  of  a million  dollars  and  three  addi- 
tional counties  exhibit  losses  of  over  $100,000.  The  relative 

2 

This  may  prove  to  be  a typical  pattern  since  the  areas  pro- 
ducing tlic  greatest  quantities  of  wastewater  are  likely  to  be 
highly  urbanized.  Such  areas  will,  in  general,  have  less  land 
available  wliich  is  suitable  for  the  land  treatment  of  wastewater. 

■^The  land  treatment  plan  chosen  represents  a maximum  land  use. 
By  selecting  lands  with  higher  application  rates,  it  is  possible 
that  tlie  land  requirements  could  be  reduced  significantly.  Never- 
tlie-less,  concentration  of  the  land  sites  would  still  give  rise  to 
most  of  the  problems  discussed  in  the  text. 


impact  is  rather  larj’.e  in  Crawford  and  Huron  counties  and  also 
important  in  Sandusky,  Seneca  and  Wyandot.  Tlic  difference  between 
the  in-basin  and  out-of-basin  counties  is  very  marked.  Over  two- 
thirds  of  the  total  tax  loss  falls  upon  the  out-of-basin  counties. 

The  relative  impact  is  also  far  greater  for  the  out-of-basin  counties. 

It  would  be  virtually  impossible  to  acquire  200,000  acres  of 
land  from  among  the  out-of-basin  counties  in  sucli  a way  that  none 
of  those  counties  would  lose  a significant  amount  of  tax  revenue. 
Furthermore,  efficiency  in  the  operation  of  a land  treatment  system 
would  undoubtedly  dictate  much  more  concentration  of  land  sites  than 
is  depicted  in  column  5.^  Thus,  some  counties  are  quite  likely  to 
bear  a much  larger  burden  than  is  shown  for  then  in  column  6.  This 
could  be  particularly  important  for  counties  with  relatively  low 
total  tax  revenues  and  large  quantities  of  land  suitable  for  land 
treatment,  e.g.,  Craw'ford  and  Huron.  Finally,  county-wide  figures 
may  not  be  the  most  relevant  for  present  purposes.  Many,  if  not 
most  important  public  functions  within  the  counties  are  handled  by 
smaller  political  subdivisions,  e.g.,  schools,  police  and  lire  pro- 
tection. An  analysis  of  the  smaller  political  units  would  undoubt- 
edly show  a mucli  greater  relative  importance  of  the  tax  impact  in 
a number  of  individual  cases. ^ 

4 

For  instance,  the  proposed  in -basin  land  treatment  areas  are 
much  more  concentrated  in  Medina,  Portage  and  Geauga  and  loss  con- 
centrated in  Lorain  in  particular  than  the  column  5 figures  would 
indicate . 

^Thc  data  necessary  for  such  an  analysis  is  not  readily  avail 
able.  The  county  analysis  is  capable  of  pointing  out  the  basic 
difficulties  involved. 


F-5 


In  sumnary,  the  data  presented  in  Table  1 seems  to  support  the 
following,  conclusions: 

1.  The  agprepate  size  of  the  potential  tax  loss  is  not  completely 
insignificant,  reacliing  as  it  docs  an  amount  in  excess  of 
$1-1/2  million  per  year. 

2.  Tiic  loss  imposed  upon  particular  political  units  is  likely  to 
be  very  important  in  some  instances. 

5.  Tlie  distribution  of  the  potential  tax  loss  is  very  uneven  and 
it  is  not  necessarily  related  to  the  distribution  of  benefits 
to  be  derived  from  tlic  project. 

Two  questions  remain  to  be  answered.  First,  should  tlie  tax 
revenues  on  tiio  land  bo  considered  in  the  costing  of  alternative 
systems?  It  appears  tliat  an  affirmative  answer  is  called  for.  The 
costs  to  be  included  for  any  system  should  relate  to  the  value  of 
the  output  which  could  be  produced  by  tlie  appropriated  resources 
in  their  alternative  private  sector  uses.  For  most  resources  otlier 
tlian  the  land  and  buildings  to  be  acquired  for  land  treatment  sites 
these  costs  arc  closely  approximated  by  market  prices.  In  the  case 
of  land  and  buildings,  the  market  prices  will  reflect  the  discounted 
value  of  the  output  of  tlicsc  assets  after  property  taxes  liave  been 
deducted.^’  To  obtain  tl\c  full  measure  of  tlie  value  proiluced  by 


^’rhe  output  of  all  assets,  including  land  and  buildings,  used 
in  the  private  sector  is  subject  to  profits  taxes.  Tliis  complica- 
tion should  be  taken  into  account  when  the  appropriate  discount 
rate  is  selected.  For  a discussion  of  the  problems  involved  see 
Killian  .1.  Haumol  , "On  tlie  Social  Rate  of  discount,"  Tlie  American 
kconomic  Review  Vol.  LVIII  No.  4,  Sept.,  IPOS,  and  Comments  by 
Alan  N'lclioTs  ,*Tste  1 1 e James,  Carl  bandaucr,  David  Ramsey  and  Dan 
Wslier,  and  a Reply  by  Haumol  in  ibid  Vol.  I.T\  .No. 5,  i)cc.,  1969. 
Property  taxes  imposed  upon  land  and  luiildings  arc  peculiar  to  these 
assets  and  tiicy  must  be  considercil  separately. 


these  assets  in  tlie  private  sector  the  discounted  value  of  the  tax 

7 

payments  should  be  added  to  the  market  prices. 

The  addition  of  taxes  on  land  and  building  to  the  costs  of  land 
treatment  systc.ns  will  not  significantly  increase  the  relative  costs 
of  these  systems.  The  annual  tax  payments  for  the  land  system  sum- 
marized in  columns  5,  6,  and  7 of  Table  1 is  51  ,607,256.  Tlic  total 
estimated  annual  costs  for  this  system  arc  $382,093,000.  The  addi- 
tion of  the  tax  figures  is  clearly  incapable  of  significantly 

8 

affecting  the  choice  between  land  and  water  based  technologies. 

7 

.Some  of  the  acreage  being  considered  for  land  treatment  is  not 
currently  being  used  for  any  production  purpose.  This  land  has  a 
short-run  opportunity  cost  of  zero  but  in  most  instances  the  market 
price  obviously  reflects  the  expectation  of  a future  use  for  the 
land.  If  land  treatment  could  be  undertaken  only  for  tlie  period 
during  which  tlie  land  v;ould  otherwise  lie  idle,  then  the  proper 
value  of  the  lanii  (taxes  includeil)  to  be  used  in  costing  the  project 
would  be  zero.  Actually,  the  acreage  must  he  committed  to  land 
treatment  for  approximately  50  years  thus  effectively  eliminating 
expected  future  uses  of  the  land.  In  tliis  case,  tlie  market  value 
including  discounted  tax  revenues  seems  to  he  the  appropriate  figure 
to  use  in  costing  the  project. 

There  is  an  additional  complication  associated  with  the  use  of 
unproductive  acreage  for  land  treatment.  The  land  treatment  itself 
may  lead  to  an  increase  in  economic  activity  in  the  area  which  in 
turn  will  generate  higher  sales  and  income  tax  revenues.  These 
higher  sales  and  income  tax  revenues  might  offset  the  loss  in  jiro- 
perty  tax  revenues  particularly  where  the  value  of  the  unproductive 
acreage  is  low.  The  same  complication  may  be  relevant,  but  to  a 
lesser  degree,  where  productive  acreage  is  appropriated  for  land 
treatment . 

The  annual  cost  figure  actually  represents  annual  comparative 
value.  For  a discussion  of  the  derivation  of  annual  comparative 
value  sec  h’right-McLaughlin  lingincer,  (U..S.  Army  Corps  of  engineers, 
Clcvcland-Akron  Metropolitan  and  Three  Rivers  Watershed  Area,  Waste- 
water  Management  Survey  Scope  Study),  Land  Treatment  I’hase  i 1 Sec- 
tion VI.  The  same  principle  should  of  course  be  appl  ied  To  any  land 
and  buildings  acquired  for  use  in  tlie  water  liascd  systems.  Ibis 
will  further  mitigate  the  effect  of  adiiing  the  taxes  to  the  costs 
of  the  land  based  s vs  terns. 


The  same  point  may  be  illustrated  by  comparing  the  present 
value  of  the  annual  tax  payments  listed  in  column  6 with  the  capital 
costs  of  the  land  treatment  system  used  in  their  derivation.  The 
present  value  of  a perpetual  annuity  of  $1,607,235  discounted  at 
7 percent  is  $22  ,900,514,  Tlic  capital  cost  of  the  land  treatment 

system  is  $4,050,973,000.  Once  again,  the  impact  of  the  tax  cost 

is  minimal.^ 

Tlie  second  question  is:  will  the  tax  losses  have  to  be  re- 
placed and  if  so,  how  can  this  best  be  accomplished?  On  equity 

grounds  it  is  quite  clear  t.hat  the  tax  losses  should  be  replaced. 

There  is  simply  no  justification  for  inflicting  a $1  million  annual 
tax  loss  on  the  out-of-basin  counties  to  cope  witli  a wastewater 
problem  generated  exclusively  in-basin.  Inequitable  distributional 
effects  would  also  be  associated  with  uncompensated  tax  losses 
within  the  basin.  The  larger  counties,  i.c.,  Cuyahoga  and  Summit, 
would  not  bear  a tax  loss  burden  proportionate  to  their  share  of 
the  total  wastewater  produced.  These  equity  cons idcrations  may, 
iiowever,  be  much  less  important  than  questions  of  political  practi- 
cality. Land  treatment  is  continually  confronted  by  serious  public 
opposition.  The  inflicting  of  tax  losses  upon  political  subdivi- 
sions containing  land  treatment  sites  could  easily  render  impossible 
the  acliicvement  of  public  approval  of  land  treatment  systems. 

Tlierc  are  basically  only  two  ways  in  which  tlic  tax  losses 

■^The  present  value  of  the  tax  payments  would,  of  course  be 
larger  if  a lower  discount  rate  were  used.  Tor  instance,  tlie 
$1,607,25(>  annuity  is  worth  $32  ,1  44,720  when  discounted  at  5 per- 
cent. Tliis  is  still  rather  small  when  comparcil  to  the  total  capi- 
tal costs.  In  addition,  capital  costs  represent  only  two-thirds  of 
total  system  costs. 
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ECONOMIC  CONSIDERATIONS  RELATING  TO  CHEMICAL  AND 
ENERGY  REQUIREMENTS  OF  ADVANCED  WASTEWATER  TREATMENT 

Large  anounts  of  a number  of  chemicals  will  be  required  to  treat 
the  wastewater  from  the  Three  Rivers  Watershed  region.  The  clienical 
requirements  and  costs  for  the  three  basic  technologies  involved  arc 
summarized  in  Table  2.  The  quantities  were  based  upon  projected 
year  2020  wasteloads.  Current  prices  supplied  by  engineering  con- 
sultants, Havens  and  Emerson,  were  used  to  arrive  at  tlie  cost  estimates. 

The  Table  2 figures  illustrate  two  important  points.  First  there 
is  a major  difference  in  the  magnitude  of  the  chemical  requirements 
between  land  and  water  based  technologies.  Land  treatment  requires 
comparatively  sm.all  anounts  of  chemicals  whereas  clienical  costs  ac- 
count for  over  20  per  cent  of  total  operations  and  maintenance  (0 
and  M)  costs  for  the  water  based  technologies.  Second,  tiic  require- 
ments for  individual  chemicals  differ  significantly  between  the 
physical-cliemical  and  advanced  biological  processes.  Pliysical- 
chemical  treatment  requires  large  quantities  of  chlorine,  calcium 
oxide  and  polymers.  The  advanced  biological  process  makes  greater 
use  of  alum  and  methanol. 

These  observations  relating  to  chemical  requirements  would  have 
little  more  than  descriptive  value  if  unlimited  quantities  of  each 
of  the  chemicals  could  be  provided  at  constant  cost  (or  at  a cost 
rising  over  time  no  faster  than  the  general  price  level).  In  this 
instance,  the  current  cost  figures  would  incorjtorate  most  of  the 
relevant  considerations  and  further  concern  would  be  unwarranted.^ 

^Chemical  production  may  also  generate  adverse  environmental 
effects  which  have  not  as  yet  been  reflected  in  cliemical  prices. 
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Table  j 

Annual  Wastewater  Treatment  Chemical  Requirements 
and  Costs  for  Alternative  Technologies  in  the 
Three-Rivers  Watershed 


Lime  Tons/yrj.^ 
Price/ton 
Total  Cost'^^ 
Ferric  Chloride 
Tons/y r . 

Pri ce/ton 
Total  Cost 
Chlorine 
Tons/y r . 
Price/ton 
Total  Cost 
Alum 
T 0 n s / y r 
Pri ce/ton 
Total  Cost 
Cal ci um  Hydroxi de 
Tons/y r . 

Pr i ce/ ton 
Total  Cost 
Calcium  Oxide 
Tons/yr . 

Pr i ce/ ton 
Total  Cost 
Me tha  no  1 
Tons/yr . 
Price/ton 
Total  Cost 
Polymer 
Tons/yr . 

Pr i ce/ ton 
Total  Cost 
Total  Cost  All 
Chemicals 


1 

Land  Treatment 


Advanced 
Biological 
Trea  tment 


Phys  leal 
Chemi cal 
T reatment 


7423 

20.00 

148,450.00 

3711 
100.00 
371  .110.00 

10,451 
100.00 
1 ,045,090.00 


4789 

100.00 

478,860.00 

17,695 
520.00 
9,201  ,608.00 

68,182 

15.20 
1.,036 ,366.00 


60,931 

100.00 

6,093,050.00 

441 

2,500.00 
1 ,101  ,750.00 

,564,650.00  17.911,634.00 


124,681 

100.00 

12,468,070.00 


72,511 

15.20 

1 ,102,166.00 

152,224 

20.00 

3.044,472.00 


1 ,897 

2 ,500.00 
4,742,750.00 

21  . 357,458.00 


Total  o&MCosts*d)  69,958,000.00  84,661,000.00  94.158,000.00 


% Chemical  to  0& 
M Costs 
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(a)  All  quantities  derived  from  Tables  0-2  and  D-3  Havens  S 
Emerson  Phase  II  Report. 

(b)  All  prices  supplied  by  Havens  and  Emerson. 

(c)  Total  costs  were  calculated  prior  to  price  and 
quantity  rounding. 

(d)  Obtained  from  Sheets  4-A,  10-A,  and  11-A  of  Blue  Book 
Formulation  Technical  Appendix  Development  of  Array  of 
Alternative  Regional  Plans  for  Wastewater  Management 
from  Wr i g h t -Me L a ug h 1 i n Engineers. 


We  cannot,  however,  be  at  all  certain  tliat  constant  cost  produc- 
tion will  in  fact  be  possible. 

There  is  little  reliable  published  information  available  upon 
wliich  to  base  chemical  price  projections  for  extended  periods  into 
the  future.  The  probability  of  rapidly  rising  chemical  prices  should 
be  increased  by  rapidly  rising  levels  of  demand.  The  Table  2 figures 
undoubtedly  represent  only  a small  portion  of  the  increased  demand 
for  chemicals  generated  by  our  heightened  national  awareness  of 
water  quality  problems.  If  a significant  portion  of  the  nation 
attempts  to  meet  the  newly  imposed  federal  wastewater  treatment 
standards  with  treatment  methods  similar  to  those  summarized  i.'! 

Table  1,  the  chemical  demand  figures  will  increase  accordingly. 

To  illustrate  the  potential  national  impact.  Table  2 was  constructed 
by  assuming  that  30  percent  of  the  nation  adopted  treatment  methods 
similar  to  those  being  considered  for  the  Cleveland -Akron  area. 

(.Since  approximately  two  percent  of  the  nation's  population  lives 
in  the  Cleveland-Akron  area,  the  Table  1 quantities  were  multiplied 
by  15  to  yield  tlie  Table  2 quantities. 

The  national  requirements  presented  in  Table  2 represent  a 
substantial  increase  in  current  production  levels  for  ferric  chlo- 
ride,  chlorine,  calcium  hydroxide,  calcium  oxide  and  methanol. “ 


2 

The  use  of  1970  production  figures  is  somewhat  misleading. 

The  national  requirements  given  would  not  be  reached  for  a number 
of  years  and  production  of  all  of  tliese  cliemicals  will  increase 
even  in  tlie  absence  of  a new  higher  level  of  demand  for  wastewater 
treatment  purposes.  The  following  growth  rates  in  production  have 
been  projected  for  the  decade  of  the  1970's;  Ferric  Chloride  - uT 
(through  1976)  - Chemical  Profile,  Ferric  Chloride,  OPI)  Chemical 
Marketing  Reporter , Feb,  28  , 1972  ; Chlorine  - 7*  (througli  1974) 
Chemical  Prof  i le  , Chlorine,  OPI)  Chemical  Marketing  Reporter , duly  13, 
1970;  fiethanol  - lOa  (through  1 9 7 .5 ) - Chemical  rroTile,  Methanol, 

GPU  Chemical  Marketing  Reporter,  Feb.  27  , 1971.  While  tlicse  growtli 
rates  arc”  rapid",  it  doe's  appear  tl\at  tlic  inc leased  demands  for 
wastewater  treatment  purposes  will  represent  a significant  addition 
to  tlie  projected  production  levels. 


Table  2 


Annual  Wastewater  Treatment  Requirements 
for  Selected  a chemical  for  30  per  cent  of  the  U.S.  Population 
and  1970  National  Prouuction 


1 2 3 


Land  Treatment  Advanced 
Biological 
Treatment 


Physical 
Chemi ca 1 
T reatment 


Lime : 

30%  National  Require- 
ment (NR)®^ 

1970  Production^^ 

%NR  to  1970  Production 
Ferric  Chloride 
NR  ,, 

1970  Production  ' 

% NR  to  1970  Production 
Chlorine 

Hi 

1970  Production 
% NR  to  1970  Production 
Calcuim  Hydroxide 

hi 

1970  Production 
% NR  to  1970  Production 
Calcium  Oxide  ' 

NR 

1970  Product! on  ^ ) 

% NR  to  1970  Production 
Methanol 

NR  e) 

1970  Production  ' 

% NR  to  1970  Production 


1 1 ,337 

19,747,000 
.06 

55,667 

69,244 

80.39 

156,763  71,829 

9,600,000  9,600,000 

1.63  .75 

1 ,022,730 

3,126,000 
32.72 


913,958 

2,465,841 

37.06 


1 ,870,210 

9.600.000 
19.48 

1 ,087,664 

3.126.000 
34.79 

2,283,354 

15,248,000 

14.97 


a)  1970  production  data  were  not  available  for 
A1  Uiii  diici  Polymers  . 

tj)  All  NR  derived  from  Tables  D-2  and  0-3  Havens 
and  Emerson  Phase  II  Reports 

c ) Minerals  Yearbook , 1970,  U.S.  Bureau  of  Mines 

d)  Current  Industrial  Reports,  Series  M28A,  Bureau 
of  the  Census 

e)  "Outlook  Seventies,"  Chemistry  and  Engineering  News. 
December  15,  1969 

f)  Synthetic  Organic  Chemicals.  U.S.  Production  and 
Sales,  U.S’.  Tarriff  Commission 
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We  do  not  have  the  infornation  available  to  determine  if  these 
rapid  increases  in  demand  will  generate  lar)’,e  price  increases, 
but  it  does  not  seem  prudent  to  ignore  completely  this  possibility. 

In  addition,  it  is  quite  possible  tliat  prices  will  be  forced  up 
much  more  rapidly  for  some  chemicals  than  for  others.  Both  a 
general  rise  in  chemical  prices  and  a marked  change  in  the  relation- 
ship among  individual  chemical  prices  could  have  an  important 
bearing  upon  the  selection  of  optimal  treatment  systems  throughout 
the  country. 

If  the  increased  chemical  demand  for  wastewater  treatment  does 
result  in  significantly  higher  chemical  prices,  then  the  use  of 
current  prices  in  comparing  alternative  technologies  will  bias  the 
choice  in  favor  of  the  water  based  systems.  The  extent  of  the  bias 
will,  of  course,  depend  upon  the  magnitude  of  the  rise  in  chemical 
prices.  This  problem  is  a specific  illustration  of  a more  general 
problem  which  always  arises  when  planning  necessitates  the  projec- 
tion of  prices  far  into  the  future.  The  use  of  current  prices 
implicitly  makes  two  assumptions:  (1)  that  the  relationship  between 

prices  entering  into  ti\e  costs  of  t!\c  systems  being  considered  and 
prices  in  general  will  remain  constant  , and  (2)  tliat  the  relationships 
among  the  different  prices  determining  alternative  system  costs 
remain  constant.  If  the  first  assumption  fails  to  hold  then  the 
estimate  of  the  overall  cost  for  tlic  project  being  considered  will 
be  incorrect.  For  instance,  in  the  present  case,  if  treatment  costs 
rise  much  more  rapidly  than  prices  in  general  then  the  real  cost 
of  wastewater  treatment  will  be  greater  than  the  estimate  based 
upon  current  prices. 

When  the  second  assumption  fails  to  hold,  a bias  may  t>e  intro- 
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(iuccd  into  the  choice  amonp,  alternative  technologies.^ 

rhere  is  a further  complication  which  might  prove  very  impor- 
tant. Assume  that  the  extent  of  the  increase  in  chemical  prices 
is,  to  a significant  degree,  dependent  upon  the  chemical  demand  for 
wastewater  treatment.  The  choice  between  the  advanced  biological 
and  tlie  physical- chemical  processes  would  then  be  an  important 
determinant  of  the  pattern  of  future  changes  in  chemical  prices. 
Concentration  upon  the  advanced  biological  process  would  result  in 
relatively  rapid  rises  in  the  prices  of  alum  and  methanol  whereas 
a movement  toward  the  physical -chemical  process  would  generate  more 
rapid  increases  in  the  prices  of  chlorine  , calcium  oxide,  and  per- 
haps polymers.  In  other  words,  the  choice  of  a particular  treatment 
method  would  generate  price  changes  which,  over  a period  of  time 
might  render  tliis  method  more  expensive  than  other  alternatives. 

Under  these  circumstances,  current  prices  simply  cannot  be 
used  to  choose  among  alternatives.  Furthermore,  it  would  appear 
highly  questionable  in  such  a situation  to  allow  all  localities  to 
choose  their  own  treatment  technology.  No  locality  will  use  enough 
cliemicals  to  have  a significant  impact  upon  cliemical  prices.  But 
if  all  localities  operating  independently  choose  the  same  process 
based  upon  current  prices  then  the  difficulties  outlined  above 
could  materialize.  These  difficulties  would  not  materialize,  or 
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^It  is  always  possible  that  a detailed  investigation  of  all  ^ 

cost  components  for  both  land  and  water  based  systems  would  uncover  'l 

probable  changing  price  relationships  capable  of  generating  an  1 

offsetting  bias.  Therefore,  we  cannot  conclude  on  the  basis  of  an 
examination  of  chemical  price  changes  alone  that  the  costing  1 

procedures  arc  actually  biased  in  favor  of  the  water  based  systems.  ' 
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would  not  be  very  serious,  if  the  wastewater  treatment  decisions  of 
localities  were  spread  over  a lonR  period  of  time.  In  this  case, 
localities  postponing  their  decision  to  a later  date  would  be  able 
to  observe  the  changing  chemical  prices  generated  by  the  earlier 
decisions  of  other  localities  before  they  made  their  choice.  This 
would  cause  a movement  toward  an  optimal  mix  of  technologies  on  a 
national  level.  But  if  recent  water  quality  legislation  is  enforced, 
then  all  localities  will  be  required  to  commit  themselves  to  treat- 
ment technologies  over  a relatively  short  period  of  time.  lo  make 
optimal  long  run  choices,  localities  would  need  detailed  informa- 
tion about  botli  the  technologies  adopted  by  other  communities  and 
the  impact  of  these  clioices  upon  future  costs.  They  undoubtedly 
will  not  have  such  information  and  thus  it  is  not  unreasonable  to 
conclude  that  the  local  choice  option  will  lead  to  a nonoptimal 
mix  of  technologies  from  a national  point  of  view. 

Past  price  behavior  is  definitely  not  an  adequate  guide  to 
future  price  changes  in  t)iis  situation.  We  may,  however,  gain  some 
idea  of  the  potential  impact  of  price  increases  by  examining  selec- 
ted price  changes  that  have  occurred  in  past  years.  The  1971 
metlianol  price  was  approximately  22  percent  below  the  liighest 
price  recorded  after  1952.^  The  1970  chlorine  price  was  36  percent 
above  the  lowest  price  prevailing  after  1952.^  If  the  prices  of 

^’’Methanol  Fortunes  Take  Turn  for  Better,"  Chemistry  and 
Engineering  News,  Oct.  9,  1972. 

^Chemical  Profile,  Chlorine,  OPD  Chemical  Marketing  Reporter, 
July  13,  1970.  " “ 
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these  chericals  were  again  to  change  by  tlicsc  relative  amounts,  the 
impact  upon  the  relative  costs  of  the  two  water  based  treatment 
tcclinol og i es  would  be  significant.  Annual  chemical  costs  for  the 
physical -chcmica 1 process  would  rise  by  about  $4-1/2  million  thus 
raising  0 and  M costs  from  $94.2  million  to  $98.6  million.  A cost 
reduction  of  $1.3  million  would  occur  in  t)ie  advanced  biological 
process  tliereby  reducing  0 and  M costs  from  $84.7  million  to  $83.3 
million.  The  resulting  increase  in  differential  costs  of  almost 
$6  million  per  year  could  be  quite  important  in  the  selection  of 
tlie  least  cost  alternative.^  The  possibility  of  even  larger  cost 
clianges  emanating  from  changes  in  chemical  prices  is  clearly  present. 

Wit)i  the  exception  of  past  price  data  and  the  actual  chemical 
requirements  for  the  various  technologies,  everything  included  in 
t)ie  proceeding  account  is  pure  speculation.  We  do  not  know  which 
of  the  chemicals  involved  can  be  produced  under  conilitions  of  con- 
stant cost  over  the  relevant  output  ranges.  We  thus  do  not  know 
wTiat  the  increased  demand  for  these  chemicals  for  wastewater  treat- 
ment purposes  is  likely  to  do  to  tlicir  prices.  We  are  not  know- 
ledgeable in  relation  to  the  tcclinological  possibilities  for  substi- 
tuting other  chemicals  for  those  currently  being  used  or  projected 
for  use  in  wastewater  treatment.  We  cannot,  therefore,  be  certain 
that  t}ie  chemical  requirements  for  wastewater  treatment,  as  large 
as  they  may  be,  actually  present  a problem  wTien  it  comes  to  the 
selection  of  appropriate  treatment  methods.  We  do  feel,  however, 

^The  relative  impact  of  this  change  would  be  diluted  somcwliat 
wlicn  capital  costs  were  added  to  the  picture.  The  impact  would 
still  be  significant  since  capital  costs  only  account  for  about 
1/3  of  total  costs  for  the  water  based  tecl\nol og ies . 
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that  our  speculation  has  pointed  out  significant  potential  diffi- 
culties associated  with  the  chemical  requirements  and  by  so  doing 
has  illustrated  that  further  study  of  tliis  matter  should  be  under- 
taken before  j.  large  part  of  the  nation  commits  itself  to  particular 
treatment  techniques . 

Accordingly  we  recommend  the  undertaking  of  a detailed  study 
of  the  production  and  marketing  conditions  for  the  chemicals 
involved  in  wastewater  treatment  covering: 

1.  Paojections  of  chemical  prices  with  particular  emphasis  upon 
the  potential  impact  of  demand  increases  emanating  from 
higher  levels  of  wastewater  treatment.  Both  production  and 
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distribution  costs  should  be  carefully  considered. 

2.  The  possibilities  for  mitigating  the  im.pact  of  higher  chemi- 
cal prices  tlirough  substitution  within  the  basic  wastewater 
treatment  technologies  being  considered 

3.  The  need  for  national  coordination  in  the  selection  of  waste- 
water  trcatr.ent  technologies  based  upon  the  results  of  1 and  2 

Certain  additional  aspects  of  this  problem  might  also  be  con- 
sidered with  little  extra  effort.  It  would  be  useful  to  determine 
if  the  heavy  use  of  cliemicals  for  wastewater  treatment  would  signi- 
ficantly affect  other  sectors  of  the  economy.  An  effort  should 
also  be  made  to  clarify  the  adverse  environmental  effects  associated 
with  large  increases  in  tlie  demand  for  chemicals  and  the  costs 
involved  in  eliminating  these  adverse  effects. 

7 

There  may  be  special  distribution  problems  associated  witli 
the  movement  of  cliemicals  to  treatment  plants  located  close  to 
densely  populated  areas. 
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2 . r.nergy  and  Other  Resources 

The  cost  of  energy  and  chemical  resources  required  for  the  treat- 
ment of  the  wasteload  of  the  Three  Rivers  Basin  represents,  in  a very 
real  sense,  only  the  tip  of  an  iceberg.  The  potential  escalation 
of  costs  and  the  environmental  sacrifices  that  must  be  made,  lend  a 
major  impact  to  the  local  consumption  of  resources  in  wastew'ater 
management . 

For  example,  the  computation  of  power  required  for  the  achieve- 
ment of  Level  1 (State  Goal)  in  Plan  1,  includes  power  consumed  in 
primary  treatment,  in  aeration  and  by  the  use  of  microstrainers.  The 
total  consumption  estimated  in  the  treatment  of  795  mgd  is  2040  mega- 
watts per  day.  At  the  current  cost  of  $0.0121  per  KWH,  the  daily 
cost  is  $24,684.00.  The  most  modern  coal  fired  plants  produce  a 
kilowatt  of  power  from  .76  pounds  of  coal,  760  pounds  per  megawatt, 
or  about  775  tons  daily  for  the  above  load.  The  annual  coal  require- 
ment will  be  283,000  tons  which  will  produce,  using  current  air 
pollution  control  teclmology,  14,000  tons  of  sulfur  oxides,  2,700  tons 
of  nitrogen  oxides,  270  tons  of  particulates,  75  tons  of  carbon 
monoxide,  27  tons  of  other  hydrocarbons,  and  34,000  tons  of  solid 
waste  ash  for  disposal.  The  annual  requirement  of  744,600  megawatts 
of  power  will  also  produce  over  825,000  megawatts  of  waste  heat  from 
tlie  most  efficient  technology  available. 

file  use  of  sucli  massive  amounts  of  power  will  require  new  power 
plant  construction  witliin  tlie  service  area.  in  1971,  the  liast  Central 
area  of  the  nation,  of  whicli  Ohio  is  a jiart,  had  a power  reserve  of 
less  than  llo,  with  a 20$  reserve  considered  necessary  to  insure  against 
power  failure.  New  plants,  and  presumalily  older  ones,  will  lie 
required  to  aliide  liy  proh  ili  i t ions  against  thermal  pollution.  Once- 
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through-cooling  has  been  used  in  many  current  plants  where  a major 
source  of  water  supply  exists.  such  as  Lake  Lrie.  Limitation  of 
temperature  increases  to  receiving  waters  under  new  standards  would 
require  such  fantastic  increases  in  flow  as  to  make  this  method 
completely  infeasible.  Current  technical  alternatives  are  wet 
cooling  towers  and  the  use  of  impoundments,  either  with  or  without 
spray  treatment.  Cooling  towers  evaporate  about  twice  as  much  water 
as  most  other  cooling  methods  and  usually  require  the  construction  of 
liuge  concrete  structures,  frequently  dwarfing  the  stations  they  serve. 
Cooling  ponds,  on  the  other  itand,  require  many  acres  of  land  adjacent 
to  the  power  plant.  The  federal  Power  Commission  has  assumed  a 
minimum  surface  area  of  5 acres  per  megawatt  would  be  required  for 
fossil  fuel  plants.  efficiency  of  a cooling  pond  may  be  increased 
by  introducing  a spray  into  the  system,  allowing  lesser  land  acreage. 

The  EPA  has  estimated  the  cost  of  air  pollution  abatement  to 
power  generation  would  average  a to  increase.  Local  power 
company  officials  have  given  estimates  as  high  as  bOo.  The  cost  of 
thermal  pollution  abatement  may  run,  in  addition,  I'rom  54-i>b  j^er 
kilowatt  capacity  for  cooling  ponds  and  from  $8  to  1 per  kilowatt 
capacity  for  cooling  towers.  The  most  aiq)ea]ing  apjH'oacli  to  cooling 
problems  is  to  make  beneficial  use  of  waste  heat  for  district  lieating 
or  cooling,  winter  agriculture,  warm  water  aquaculture,  or  a varietv 
of  other  uses,  including,  as  suggested  in  severa’  plans,  tlie  partial 
treatment  of  sewage  effluent  in  a mutually  Inuieficial  con  I i gurat  i on . 

In  addition  to  the  control  ol  air  and  thermal  pollution,  utliei 
social  and  environmental  problems  facing  the  use  of  coal  .ire  liealtu 
and  safety  in  mining,  the  rec  1 ,ima  t i on  of  mined  l.iiul  surt.ue.,  watei 
pollution  from  acid  mine  drain.igi',  and  the  disposal  ot  solid  war'll.. 
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While  methods  to  desulfurize  coal,  and  to  control  all  stack  emissions 
to  current  standards,  are  currently  under  study,  they  are  not  yet  eco- 
nomically viable.  The  development  of  environmentally  suitable  means 
to  assure  the  continued  high  level  of  surface  mine  production  is  essen- 
tial; otherwise,  vast  reserves  of  coal  will  remain  inaccessible,  and 
the  remainder  only  available  at  much  higher  costs.  The  significance 
of  this  to  the  State  of  Ohio  should  be  obvious,  and  hopefully,  will 
be  reflected  in  the  seriousness  of  consideration  of  the  strip  mine 
reclamation  techniques  suggested. 

Tliere  is  a direct  relationship  between  the  cost  of  environmental 
control,  the  cost  of  electric  power,  and  the  current  and  developing 
energy  crisis.  The  average  cost  of  coal  burned  for  electrical  genera- 
tion has  increased  50°6  since  1969  and  part  of  this  has  been  attributed 
to  a switch  to  low  sulfur  coals  which  are  more  costly  because 
of  lower  reserves  and  longer  shipping  distances.  The  costs  of  residual 
oils  and  natural  gas,  also  used  for  electrical  generation,  have 
shown  increases  of  30®  and  20s  respectively  in  the  last  several  years. 
I'he  reserves  of  natural  gas  and  petroleum  have  diminished  while  the 
demand  for  energy  has  continued  to  grow. 

The  U.S.  supply  of  natural  gas,  which  is  one  of  the  most  conven- 
ient and  pol lut ion- free  forms  of  energy,  has  been  projected  for  com- 
plete exliaustion  in  12-14  years.  I’ower  companies  are  being  con- 
strained to  burn  low  sulfur  oil  to  reduce  the  sulfur  dioxide  jiol- 
lution.  The  resultant  increased  import  of  hydrocarbons  seems  likely 
to  increase  much  more.  I'hese  imports  are  already  responsible  for 
much  of  the  deficit  in  our  l)alance  of  payments.  It  lias  lieen  indicated 
that  continuation  of  present  trends  will  surely  lead  to  deeper 
deficits,  more  devaluation,  and  loss  o I'  confidence  in  the  U.S.  dollar. 
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Recent  events  have  served  to  strcngtiien  tliis  prediction.  As  tiie 
percentage  of  imports  relative  to  our  total  use  giows,  tiie  natioii 
becomes  increasingly  vulnerable  to  petroleum  blackmail. 

Altliough  coal  has  been,  and  will  remain  for  tne  rest  of  tins 
century,  the  greatest  source  of  electrical  energy,  tne  cost  of  power 
will  respond  uniformly  to  tiie  cost  of  pollution  control  tecnnology 
and  the  cost  of  po  1 1 ut  ion  - free  fuels.  a federal  stud)’  proposes  tnat 
tlie  government  institute  an  energy  use-tax  whicli  would  not  only 
increase  the  cost  of  energy,  but  Hopefully,  also  conserve  its  use. 
Methods  of  energy  conservation  nave  been  suggested  by  many  studies, 
and  major  companies  such  as  U.S.  Steel,  dul’ont,  and  bastman  Kodak 
have  full-time  programs  to  implement  such  conservation.  The  .National 
Science  Foundation  in  its  study  of  the  energy  [iroblem,  has  indicated 
sizeable  opportunities  for  conservation  in  tiic  better  management  of 
botii  fuels  and  effluents  in  housing,  stating  "merely  tne  eeonoiiiii. 
reduction  of  waste  represents  a fertile  area"  (for  investigation  of 
energy  savings). 

The  concern  for  conservation  of  energy  in  Lite  selection  ol  a 
wastewater  management  plan  must  also  be  reflected  in  a similar  review 
of  tlie  chemical  resource  requirements  of  tlie  individual  jilaiis.  Unile 
tne  chemicals  used  in  tlie  treatment  process  tend  to  he  common,  ratnei 
than  exotic,  tne  quantities  range  from  oO  to  nearl.v  !,(•()()  tons  a da> 
depending  on  tlie  plan.  The  previous  section  has  iletailed  tiie  economu 
considerations  relating  to  chemical  requirements.  Itiere  are  a varutv 
of  concerns  about  price  increases,  scarcity,  relialiility  oi  suppl), 
ami  relation  to  otiier  resources.  the  incessant  failure  ol  Ireatimni 
pl.ints  due  to  lack  of  chemical  aiqilication  for  cost  or  otiier  reasmo 
is  well  known.  Ihe  problem  may  be  magnilied  wIumc  quantities  aic 
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greater.  The  manufacturing  requirements  of  these  chemicals  in  them- 
selves may  constitute  environmental  hazards,  as,  for  instance,  the 
manufacture  of  chlorine  by  the  chlor-alkali  process  that  has  con- 
tributed such  a burden  of  mercury  to  our  waters.  Methanol  production 
faces  similar  pollutional  problems,  with  the  discharge  of  hydrocarbons. 
While  environmental  control  is  possible,  tltere  is  a cost  factor 
attached . 

The  consideration  of  resource  scarcity  should  not  neglect  the 
potential  of  resources  present  in  wastewaters.  While  nitrogen  may 
be  freely  available  from  the  air,  phosphorus  has  a visible  limit. 

Of  the  many  elements  required  for  life,  phosphorus  appears  to  be 
the  most  important  from  the  standpoint  of  its  low  abundance  in  the 
environment.  Phosphate  mining  has  increased  843“o  during  the  period 
from  1940  to  1969.  Increased  use  of  fertilizers  and  the  widespread 
use  of  detergents  accounted  for  the  bulk  of  the  increase.  It  lias 
been  estimated  that  the  supply  of  phosphate  rock  will  last  for  less 
than  60  years  at  our  current  rate  of  mining.  Since  phosphorus  com- 
pounds move  for  the  most  part  only  within  tlie  liquid  phase  of  the 
liydrologic  cycle,  it  is  for  practical  purposes  non-cyclic.  Our 
current  culture  is  living  in  an  utterly  spendthrift  way  on  tlie 
resource  accumulations  of  the  past,  a resource  of  phosphate  rock  that 
only  future  millcnia  can  reproduce. 

One  must  question  either  the  intelligence  or  tlie  sanity  of  the 
}>ractice  that  disperses  a limited  resource  from  a readily  available 
wastewater  concentration  to  very  low  concentrations  in  the  ocean 
floor  or  otherwise  dispersed  in  water  and  biota,  especially  wiien 
other  alternatives  are  possible.  (Ty|)ical  phosphorus  content  in 
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r oceans'  40-100  ppb , ) * Ihe  end  result  of  the  current  and  projected 

1 ' 

I man-dominated  phosphorus  flow  pattern  will  be  to  render  most  of 

the  world  supply  of  phosphorus  to  nonavailablc  storage  where  it 
would  require  very  high  energy  expenditures  to  recover  it.  The 
effect  on  the  food  supply  of  future  generations  can  be  imagined. 

While  the  example  of  phosphorus  is  dramatically  close  to  our 
food  supply  concerns,  other  resource  uses  must  be  similarly  assessed. 
The  United  States  is  a "have  not"  nation  in  terms  of  our  declining 
mineral  resources.  Yet  our  rate  of  utilization  increases  annually 
(almost  20  tons  per  capita  in  2^975^  , and  must  be  reflected  in  increased 
imports  of  crude  and  processed  minerals.  The  5110,000,000,000  worth 
imported  in  1971  adds  in  considerable  measure  to  the  balance  of 
' payment  problems  discussed  under  energy  costs. 

The  interrelationship  of  scarcity  to  wastewater  management  costs 
I has  yet  to  be  assessed,  but  the  possibility  of  major  constraints  in 

economic  factors  and  in  resources  cannot  be  dismissed. 
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*Stevens,  Harry  R.  et  al.  Recycling  and  l.cosystem  Keiliouse  Lu 
Water  Manipulations  . Institute  of  Water  Resources,  Miclngan  state 
University.  lebruary,  1972. 
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Attachment  H ; 

POLITICAL  ACCEPTANCE  OF  INNOVATION  i 

IN  WASTEWATER  MANAGEMENT  AND  TECHNOLOGY 

The  introduction  of  a regional  wastewater  system  which  utili- 
zes new  methods  of  treatment  involves  rather  significant  technical 
and  governmental  innovation.  Lacking  adequate  data  on  attitudes  of 
local  officials  and  others,  the  best  we  can  do  is  to  make  some 
general  observations  which  may  at  times  degenerate  to  speculations. 

It  is  important  to  keep  in  mind  the  "problem"  involved  in  esta-  ' 

i 

blishing  a regional  system.  There  are  really  a couple  of  different  j 

kinds  of  problems  which  should  be  kept  distinct.  The  first  might  be 
called  the  legalistic;  involved  here  are  questions  relating  to  such 
matters  as  constitutional  limitations  on  debt,  financing,  etc.,  or 
statutory  law  on  creation  of  administrative  districts  and  authorities. 

These  matters  are  of  obvious  importance  and  need  to  be  researched 

carefully.  But  they  are  not  real  constraints  on  innovation;  any  ; 

1 

lawyer  or  administrator  worth  his  salt  should  be  able  to  come  up  with 
ways  of  circumventing  legal  kinds  of  prohibitions.  Unfortunately,  , 

most  of  the  institutional  research  seems  to  have  been  directed  to  the 
legalistic  problem.  To  the  best  of  my  knowledge,  relatively  little  < 

hard  research  has  been  done  on  the  political  problem  of  innovation  ’ 

and,  in  my  opinion,  this  is  the  most  crucial  as  the  project  approaches 
the  implementation  stage.  ^ 

As  a general  rule  of  thumb  one  can  assume  that  the  more  innova-  ] 

i 

tive  a project  the  more  likely  it  is  to  encounter  political  difficulties. 

J 

However  self-evident  this  observation,  it  is  important  to  keep  in  mind 

when  thinking  about  changes  in  existing  policy.  In  some  basic  ways,  j 

the  idea  of  a regional  water  treatment  system  runs  counter  to  the  i 

traditional  approach  to  public  problems  in  the  state.  As  pointed  out 

in  the  previous  discussion  of  state-local  relations,  the  traditional 

political  approach  in  Ohio  has  been  for  the  state  to  free  local  govern- 
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nients  to  do  what  tliey  want  to  do.  Tliat  is,  local  discretion  has 
been  defined  as  fundamentally  good,  hxperience  with  the  problems  of 
regional  planning  would  seem  to  support  this.  Whether  planning  and 
sewage  treatment  at  the  regional  level  can  be  legitimately  compared 
is  debatable.  The  former  does  involve  long  range  decisions  about 
tlie  general  development  of  communities;  the  latter  is  much  more  spe- 
cific, involves  a hardware  function  and  probably  is  not,  at  this 
point  in  time,  a truly  significant  issue  for  most  people.  But  the 
simple  point  is  that  imposition  of  a regional  activity  does  run  coun- 
ter to  governmental  traditions  in  the  state. 

It  is  dangerous  to  think  tliat  any  major  innovation  can  simply 
bo  imposed  on  a region  of  tlie  state,  liven  if  one  is  willing  to 
concede  tiiat  the  land  treatment  method  is  the  most  economical,  effi- 
cient and  sound  from  a tecimical  point  of  view,  lie  cannot  assume  that 
local  officials  are  going  to  define  it  in  the  same  terms.  This  is 
not  to  say  that  tlie  officials  are  behaving  irrationally,  they  arc 
simply  viewing  the  problem  from  a different  perspective.  Those  seek- 
ing to  innovate  must  be  sensitive  to  the  fact  that  they  may  be  asking 
the  officials  to  pay  what  are  to  the  officials  significant  political 
costs.  At  the  very  least  these  potential  costs  could  involve: 

1.  Loss  of  tax  revenue  through  a loss  of  tax  base. 

2.  Loss  or  dilution  of  control  over  a governmental  function. 

3.  Loss  of  local  political  support  from  c lements - -e . g . , mass 
media,  homcoiv-ncrs  , etc. --who  view  the  innovation  as  a 
foolisii  kind  of  exercise. 

Rather  clearly  every  effort  stiould  be  made  to  counteract  tlie 
"costs"  argument.  This  will  require  some  careful  cultivation  of 
three  critical  audiences -- local  officials,  the  mass  media,  and  tlie 
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general  public.  Since  tliey  will  be  the  final  decision  makers  tlie 
most  important  group  is  probably  tliat  of  the  public  officials.  This 
is  obvious.  It  is  difficult  even  to  speculate  in  any  meaningful  way 
about  possible  miblic  reactions  to  any  new  system.  To  the  extent 
that  large  scale  disruption  of  local  activity  is  involved- -relocation 
of  families,  acquisition  of  farm  land,  construction,  etc. --one  would 
expect  opposition  from  those  directly  affected.  But  for  the  more 
general  public  the  system  may  be  of  no  great  consequence.  On  this 
point,  the  local  mass  media  takes  on  a critical  role,  tliat  of  local 
political  agenda  setting.  In  effect,  the  local  press  defines  for  the 
people  what  arc  salient  political  issues.  The  media  does  not  neces- 
sarily tell  people  what  to  think  on  a topic  but  does  tell  them  what 
topics  to  think  about. 

This  may  be  a round  about  way  of  citing  tlic  obvious.  Nevertlie- 
less,  it  cannot  lie  assumed  tliat  the  project  will  be  implemented  in 
any  "revolutionary"  way.  Cultivation  of  local  officials  and  the  media 
is  important.  This  is  particularly  true  when  one  is  considering 
the  adoption  of  a new  treatment  system  wliich  will  probably  involve  an 
administrative  structure  that,  to  date,  has  not  been  widely  used  in 
Ohio . 
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1 . Institutional  Aspects 

Specific  features  of  the  plans  for  wastewater  management  in  the 
Three  Rivers  Watershed  are  sufficiently  distinct  from  current  treat- 
ment as  to  warrant  general  discussion  prior  to  plan-by-plan  evaluation. 
Such  features  are  the  institutional  implications  of  efficiently 
treating  stormwater  runoff,  and  the  plans'  regional  focus  of  waste- 
water  treatment  for  the  physical  scope  of  the  Three  Rivers  Watershed. 

Stormwater  Runoff 

(a)  Practicality  of  Public  Control  of  New  Development 
A tlioroughly  effective  land  use  guidance  system  to  achieve 
maximum  control  of  stormwater  runoff  would  require  that  all  new 
development  in  the  watershed  be  (1)  clustered  in  planned  unit 
developments,  (2)  adjacent  to  existing  development  and  wastewater 
management  facilities,  and  [5}  built  at  moderate  to  higli  densities 
with  a large  proportion  of  garden  apartments  and  otlicr  multi-family 
dwelling  units.  Such  a system  would  require  more  stringent  controls 
of  private  property  than  would  be  feasible  at  the  present  time.  How- 
ever, an  only  slightly  less  effective  system,  probably  at  SOo  of  the 
total  system  above,  could  be  accomplished  by  the  existing  subdivision 
review  process.  This  would  reciuirc  (1)  revision  of  subdivision 
regulations  to  provide  more  explicit  attention  to  stormwater  runoff, 

(2  j careful  and  competent  review  at  tlie  county  level  by  regional 
or  county  planning  commissions,  13)  installation  of  stormwater  run- 
off collection  facilities  by  the  subdivider  at  his  cost,  and 
(4)  some  contirbution  by  eacli  individual  subdivider  to  the  capital 
costs  of  a treatment  system.  fills  is  quite  feasilile  politically. 
.Subdivision  regulations  are  familiar  to  all  counties;  county  and 
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regional  planning  commissions  exist  in  all  counties,  and  i>lacing  tue 
financial  burden  on  the  developer  is  quite  acceptable.  The  only 
thing  necessary  to  make  this  system  a reality  would  be  the  drafting 
of  model  regulations,  informing  county  commissioners  and  large  cities 
of  the  advantages  of  such  regulation,  and  strengthening  the  hand  of 
the  regional  planning  commissions  in  the  regulation  process,  whicli 
they  have  been  carrying  on  as  a routine  matter  for  some  years.  The 
major  difference  between  this  politically  feasible  guidance  system 
and  the  relatively  infeasible,  stringent  system  first  described  is 
that  it  would  result  in  smaller  treatment  facilities.  Tims,  some 
economies  of  scale  in  treatment  facilities  migiit  not  be  possible  to 
achieve . 

(b)  Political  Teasibility  of  Plant  keg i ona 1 i za t ion 

If  the  public  is  made  aware  of  tiie  need  for  tlie  control  and 
treatment  of  stormwater  runoff,  it  is  likely  to  be  a politically 
acceptable  objective  of  public  policy.  The  current  lack  of  attention 
to  the  problem  is  more  a matter  of  lack  of  information  than  of 
political  conflict.  Tnerc  is  no  reason  for  large  plants  to  be 
politically  less  feasible  than  small  ones;  if  the  county  sanitary 
engineers  are  responsible  for  this  function  (and  there  is  no  reason 
why  they  would  not  lie),  mucli  "regionalization"  of  facilities  would 
take  place  as  a matter  of  course.  lor  drainage  areas  spanning 
county  boundaries,  the  feasibility  of  tvvo-county  agreements  would  be 
quite  higli.  Thus,  there  is  no  institutional  reason  why  large  plants 
should  not  be  considered. 

On  the  other  hand,  relatively  small  plants  may  result,  not 
because  of  the  dil'ficulty  of  governmental  structures,  but  lu'causi-  ul 
the  inability  to  control  the  location  and  timing  ol  new  de ve  1 oi>men t . 
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As  indicated  in  (a)  above,  the  land  development  process  is  likely  to 
result  in  relatively  smaller  plants  for  technical  reasons,  not 
political  ones. 

(c)  Overflow  in  Relation  to  Design  Storm 
It  would  be  important  from  an  institutional  point  of  view  to 
avoid  spills,  and  other  accidental  or  intentional  discharge  of  un- 
treated wastes,  to  water  bodies  in  the  region.  Such  discharges  are 
the  types  of  environmental  issues  that  make  good  newspaper  copy;  they 
are  dramatic,  and  they  can  b photographed,  thus  making  them  eminent  1 
newswortliy  subjects.  for  reasons  of  institutional  credibility, 
planning  should  minimize  the  chance  of  accidental  or  intentional 
discharge  of  untreated  wastewater,  with  the  question  of  cost  being 
the  obvious  tradeoff.  We  should  be  willing,  however,  to  pay  some 
substantial  cost  to  avoid  the  negative  political  consequences  of 
sucli  discharges. 

2 . Institutional  Change 

There  is  some  tendency  to  restrict  the  meaning  of  "institutional 
change"  to  those  dramatic  and  revolutionary  events  that  result  in 
entirely  new  governmental  structures,  such  as  metropolitan  govern- 
ment, area-wide  multi-purpose  special  district,  or  state  assumption 
of  wiiat  was  lierctofore  a local  responsibility.  It  is  important  not 
to  fall  into  this  trap,  "Institutional  change"  can  occur  by  an 
evolutionary  process  through  such  simple  devices  as  subdivision 
regulations,  the  employment  of  competent  professional  staff,  the 
upgrading  of  tlie  planning  capabilities  of  a planning  commission,  or 
the  adoption  of  new  county  health  department  regulations.  The 
cumulative  effect  of  such  small  changes  may  produce  large  clianges  in 

ystem  output.  Additionally,  it  may  be  noted  tliat  institutional 
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change  may  generate  from  increased  coordination  hetween  state  and 
regional/county/local  agencies,  effecting  a workable  wastewater 
management  plan  for  the  watershed  while  avoiding  complex  problems  of 
new  governmental  structures. 
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Attachment  1 

DISTRIBUTIVE  EQUITY  IMPACT  OF  A 
REGIONAL  WASTEWATER  TREATMENT  SYSTEM 

The  implementation  of  any  proposal  entailing  significant 
costs  carries  with  it  tlie  potential  for  major  redistributive  effects. 

The  sheer  magnitude  of  tiie  wastewater  treatment  project  under  study 
for  the  Three  Rivers  Watershed  area  necessitates  a careful  inves- 
tigation of  equity  considerations.  Differential  effects  may  occur 
with  respect  to  each  of  the  following; 

1.  Geographic  Areas.  Tliere  arc  a number  of  nossilile  causes 
in  this  case.  There  will  definitely  be  marked  geographic  differ- 
ences in  the  improvement  in  water  quality.  In  very  general  terms 
the  Chagrin  and  upper  Cuyahoga  areas  will  experience  the  smallest 
improvements  in  water  quality  simply  because  tncy  are  currently  in 
the  best  conuition.  This  obviously  reduces  tiic  relative  sliaro  of 
tiic  project  benefits  to  residents  of  these  areas.  The  differential 
involved  is,  liowever,  very  difficult  to  quantify.  Residents  of 
otner  parts  of  tiie  watershed  undoubtedly  use  the  water  facilities 
in  tlie  Chagrin  and  upper  Cuyahoga  areas  and  some  residents  of 
tnese  areas  make  use  of  the  water  in  other  parts  of  tlie  watershed. 

I 

The  geograpnic  impact  of  the  indirect  effects  associated  witii 

tiic  project  will  also  be  distributed  unevenly.  Prominent  examples  | 
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are  tiie  risks  emanating  from  possible  system  failure  and  tiic  exter-  i 

nal  effects  accompanying,  land  use  changes.  I•■inally,  tiicre  will  | 

be  some  differential  impact  upon  municipal  and  industrial  water  | 

supplies  and  upon  local  tax  liases.  1 

■i 
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Z.  S|>ecific  Individuals.  Some  families  will  incur  costs,  ' 

botii  monetary  ajid  psychic,  due  to  relocation.  It  is  also  possible 
tuat  tiie  major  land  value  changes  will  fall  not  upon  entire  geo- 
grapliic  (political)  areas  but  largely  upon  specific  individuals 
witliin  tiiese  areas. 

3.  Income  Class.  The  costs  and  benefits  of  tlie  project  may 
not  be  distributed  in  tlie  same  manner  among  income  classes.  Thus  j 

the  situation  of  some  groups  will  be  improved,  in  a relative  sense,  j 

at  tiie  expense  of  otliers. 

4 

Compensating  arrangements  appear  to  be  feasible  in  a number 

of  cases  under  tne  first  two  iieadings.  Changes  in  local  water  | 

1 

supplies  and  tax  bases  can  be  measured  and  compensation  could  be  | 

effected  by  levying  differential  user  fees  or  through  the  use  of  j 

i 

tax  rebates.  Individual  relocation  costs  can  be  approximated 
and  must  be  paia.  Payments  covering  only  monetary  costs  are 
innerently  conservative  since,  by  definition,  they  ignore  psychic 
costs.  Irom  an  efficiency  point  of  view  the  treatment  of  these 
compensating  payments  is  not  a matter  of  choice.  They  must  be 
considered  in  cost  calculations  or  it  will  be  impossible  to  deter- 
mine if  tlie  game  is  wortii  tiie  candle.  From  the  point  of  view  of 
equity,  the  payments  actually  must  be  made  if  we  are  to  avoid 
significant  and  haphazard  redistributions  of  income.  It  is. 


therefore,  strongly  recommended  that  tliesc  payments  actually  be 
made  and  that  they  be  adequate  in  size. 

In  tlicory,  the  risk  of  system  failure  must  also  be  considered 
as  one  of  the  compensable  costs  of  the  jirojcct.  Quantifying  tliese 
costs  and  identifying  the  individuals  or  localities  who  will  bear 
tiiem  is  extremely  difficult  if  not  impossible.  Since  it  may  be 
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impossible  to  compensate  for  the  bearinr,  of  these  risks  it  is 
tempting’,  to  arj;ue  that  the  systems  sliould  be  made  as  risk  free  as 
is  technically  feasibJc.  But  this  really  does  not  come  to  qrips 
with  the  probl  ,'in.  Various  levels  of  risk  will  l\ave  to  be  evaluated, 
if  only  implicitly,  and  the  resulting,  cost  of  the  risk  weL^;hed 
against  the  cost  of  reducing  it.  This  is  tlie  only  way  in  wiiich  an 
optimal  system  can  be  designed.  In  practice  this  issue  is  quite 
likely  to  be  decided  on  political  grounds  with  tne  affected  parties 
supplying  their  own  estimates  of  tiie  cost  of  the  risks  involved. 

Land  value  changes  are  also  extremely  difficult  to  measure. 
Indirect,  and  often  offsetting  clianges  are  potentially  important 
and  very  elusive.  Once  again,  from  an  efficiency  point  of  view 
these  land  value  changes  must  be  considered  if  the  project  is  to 
be  costed  correctly.  In  tliis  case,  equity  raises  a host  of  con- 
fusing issues  tliat  seem  to  defy  generalization.  I'.ach  indiviilual 
case  may  have  to  l)e  decided  upon  its  own  merits  although  legal 
precedent  in  the  (J.S.  seems  to  lean  against  the  payment  of  compen- 
sation for  land  value  reductions. 

Tlie  payment  of  significant  compensation  for  property  value 
reductions  could  give  rise  to  a furtlier  problem.  Since  the  windfall 
gains  associated  with  projierty  value  increases  might  not  tie  measurahl 
and  undoubtedly  could  not  be  recovered,  an  efficient  project,  i.c., 
one  for  whicii  aggregate  lienefits  exceed  aggregate  costs,  might  not 
be  undertaken  because  of  tlie  resulting  overstatement  of  the  net 
costs  associated  with  land  value  clianges.  The  opposite  is,  of  course 
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also  possi’olc  if  the  increases  in  land  value  are  readily  apparent 
and  tiic  decreases  are  not.  Tliis  may  very  well  be  the  case  where 
water  quality  improvements  arc  the  most  visible  and  widespread 
results  of  tne  jiroject. 


It  apj)cars  virtually  impossible  to  avoid  some  redistributive 
ciianjjes  due  to  effects  upon  property  values.  Compensating  payments 
for  property  value  losses  appear  feasible,  if  they  arc  judged  desi- 
rable, but  tiiere  seems  to  be  no  practical  way  of  appropriatinR  and 
redistributinj;  tiic  windfalls  accruing  from  higher  property  values. 

file  differential  impacts  of  water  quality  changes  give  rise 
solely  to  equity  problems.  Should  tlie  residents  of  areas  possessing 
liigher  quality  water  resources  and  having  no  significant  waste 
disposal  protilcms  he  required  to  participate  on  the  same  basis  as 
residents  of  areas  with  low  quality  water  and  major  disposal  problems? 
if  all  individuals  arc  free  to  locate  anywhere  in  tlie  region,  then 
it  seems  tiiat  a negative  answer  is  clearly  in  order.  Those  wiio 
chose  to  locate  in  the  high  water  quality  areas  did  so  because  ttiey 
placed  a higli  value  upon  tlie  availability  of  the  water  resources  and 
tlie  associated  environmental  amenities.  This  clioice  often  entails 
giving  up  otner  advantages  present  in  the  low  water  quality  areas. 

It  tlius  seems  inherently  inequitable  to  require  tlie  residents  of 
the  high  water  ([uality  areas  to  jiay  a full  share  for  upgrading  the 
water  resources  in  the  low  water  (juality  area.  Low  water  (juality 


is,  in  effect,  being  voluntarily  consumed  and  paid  for  by  the  exis- 
tence of  offsetting  environmental  characteristics,  e.g.,  the  cultural 
amenities  and  higher  wage  levels  generally  found  in  large  urban  areas. 


Residc'iits  ol  water  tiiiality  areas  should  lie  required  to 


bear  part  of  the  financial  burden.  There  will,  hopefully,  be 
region-wide  benefits  and  also  some  improvement  even  in  the  Iiigh 
water  quality  areas.  Once  again,  the  difficulty  lies  in  arriving 
at  the  approjiriate  amounts. 

The  validity  of  this  argument  is  strongly  dependent  upon  the 
assumption  of  free  location  choice  in  t'ne  housing  marl^et.  If  indi- 
viduals were,  in  some  manner,  prohibited  from  living  in  the  high 
water  quality  areas  then  we  could  no  longer  be  sure  that  tlieir 
"choice"  to  locate  in  a low  water  quality  area  was  optimal.  That 
is  to  say,  given  their  occupational  and  educational  constraints, 
they  might  have  preferred  residence  in  the  high  water  quality  area 
had  they  been  allowed  to  obtain  it.  In  such  a case,  the  residents 
of  the  low  water  quality  area  would  not  currently  be  receiving 
adequate  offsetting  benefits  to  compensate  them  fo’"  their  "loss" 
of  iiigh  quality  water.  Requiring  tlic  residents  of  the  Iiigh  water 
quality  areas  to  bear  their  full  sliare  of  the  proposed  project 
would  therefore  lie  equivalent  to  the  partial  elimination  of  tiic 
artificial  restrictions  prohibiting  the  residents  of  the  low  water 
quality  areas  from  moving  to  the  higli  water  (piality  areas. 

The  most  prevalent  restrictions  upon  free  choice  in  housing 
location  are  based  ujion  race  and  economic  status.  If  racial  or 
economic  discrimination  in  housing  does  exist  in  an  area,  this  fact 
can  be  demonstrated  but  tiie  process  involved  is  generally  expensive 
and  time  consuming.  lany  of  our  ghetto  building  policies  are 
designed  to  improve  the  inner  city  environment  in  jiartial  pavnent 
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for  tlie  artificial  restrictions  that  continue  to  hold  persons  in  these 
areas.  Inner  city  problems  are  very  important  in  the  Three  Rivers 
area  but,  with  the  exception  of  possible  redistribution  effects  amonp, 
income  classes,  their  relationship  to  the  wastewater  management 
alternatives  appears  quite  periplieral.  Tlie  anticipated  improvements 
in  water  quality  will  have  a relatively  small  impact  upon  inner  city 
residents.  In  addition,  tlie  housing  restrictions  keeping  the  poor 
in  the  central  cities  have  undoubtedly  not  been  concentrated  in  high 
water  quality  areas. 

In  quantitative  terms,  tlie  most  important  redistriliutive  effects 
relate  to  the  differential  treatment  of  income  classes.  Approxi- 
mately 80  percent  of  the  watershed  area  residents  live  in  Cuyahoga 
and  Summit  counties.  Tlie  effect  of  the  redistributive  factors 
discussed  above  upon  the  residents  of  tiiese  counties  appears  to  be 
minimal.  But  the  wide  range  of  income  classes  present  in  these 
counties  and  throughout  the  watershed  makes  the  selection  of  appro- 
priate financing  mct.hods  a matter  of  paramount  importance. 

To  determine  wliat  constitutes  appropriate  financing  it  is  first 
necessary  to  specify  t!ie  redistributive  goals  of  the  project.  Tliere 
is  clearly  no  tliought  of  using  the  jirojcct  to  affect  a major  redis- 
tribution of  real  income;  it  is  simply  an  inappropriate  tool  for 
sucli  a purjiose.  Ideally,  tlien,  we  might  wisli  to  select  a mctliod  of 
financing  which  would  leave  the  distribution  of  real  income  uncliangcd. 
Tliis  lias  at  least  two  major  advantages:  (1)  it  allows  decisions 

relating  to  redistribution  to  be  made  independently  and  on  their  own 
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merits,  and  (2)  it  automatically  provides  a mechanism  for  determining 
if  total  jiroject  benefits  exceed  total  project  costs.  I'inancial 
burden  would  be  allocated  on  the  basis  of  benefits  received  and  tlius 
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a worthwhile  project  shoulii  receive  tlie  endorsement  of  the  nul)lic. 

If  it  is  not  ]iossil)le  to  matcli  perfectly  tl\e  costs  and  benefits 
among  the  various  segments  of  the  public  then  we  may  wisii  to  select 
a financing  scheme  wiiich  is  not,  on  balance,  regress  ive , i,e.,  a 
scheme  which  will  not  reduce  the  income  of  the  poor. 

The  major  difficulty  associated  with  the  implementation  of 
either  of  these  alternatives  relates  to  the  measurement  and  assign- 
ment of  project  benefits.  Since  it  is  so  difficult  to  quantify 

the  benefits,  it  i;iay  be  more  productive  to  assume  tliat  tiiese  !>ene-  ] 

fits  are  equally  distributed  or  to  assume  simply  that  tlie  benefit  I 

distribution  cannot  be  determined  and  to  concentrate  upon  the  distri- 
bution of  project  costs.  Thus,  the  cost  incidence  associated  with 
a number  of  different  financial  alternatives  will  be  calculated  and 
compared.  This  alone  will  not  allow  us  to  choose  ''the  " best  among  • 

the  various  alternatives  but  it  will  facilitate  a discussion  of 
their  relative  merits.  Before  this  is  attempted,  liowever,  one  i 

very  crude  estimate  will  be  made  of  the  distribution  of  lienefits 
among  income  groups. 

Some  of  the  benefits  emanating  from  tiie  project  arc  virtually 
impossible  to  quantify  and  to  allocate  among  income  groups,  e.g., 
increases  in  property  values.  Other  benefits  appear  to  be  widely,  ] 

although  not  perfectly  evenly,  distributed  over  the  region's  ])oiiu-  I 

lation,  e.g.,  reductions  in  tlie  acquisition  and  processing  costs  j 

for  municipal  water  su]qUies.  But  the  major  justification  for  the  j 

■I 

project  must  stem  from  tlie  benefits  accruing  to  direct  users  of  tiie 
liighcr  ({uality  water  for  recreational  purposes  and  from  the  general 
amenity  value  associated  with  having  clean  water  tliroiigiiout  tlie 
region . 


1-7 


Tlie  data  in  Table  1 represents  an  attempt  to  allocate 
project  benefits  among  income  classes  by  using  the  number  of 


I 


f 

water-liased  recreation  participation  days  for  t)ie  various  income 
groujis.  Tills  i>rocedure  is  admittedly  much  easier  to  criticize 
tiian  to  defend.  Many  of  the  region's  residents  may  place  a positive 
value,  and  perliaps  a high  one  upon  cleaner  water  in  the  region  even 
tiiougn  tliey  make  no  recreational  use  of  this  water  themselves.  It 
is,  however,  possible  that  participation  in  water-based  recreation 
activities  is  positively  correlated  with  the  general  amenity  value 
that  an  individual  places  upon  having  clean  water  throughout  the 
region.  T!ie  use  of  a participation  day  as  a unit  of  account  may 
also  prove  misleading.  The  value  placed  upon  a participation  day 
may  vary  among,  activities  and  among  income  groups.  i’he  principal 
justification  for  using  this  procedure  is  that  we  don't  liave  a 
better  hole  to  go  to. 

I'lie  Table  1 figures  show  a markedly  progressive  distribution 
of  benefits.  This  is  true  on  a per  person,  per  family  and  an 
aggregate  basis.  Columns  4 and  6 show  that  the  bottom  11-1/2“  of 
tlie  income  distribution  receives  less  than  l-l/2°6  of  aggregate 
benefits;  tiiat  the  bottom  37%  receives  17%  of  total  benefits,  and 
tliat  the  upper  1/3  of  the  family  income  distribution  receives 
approximately  1/2  of  the  total  benefits.  Tliis  may,  however,  be  a 
very  deceptive  way  of  viewing  t)ie  problem.  In  order  to  make  tlic 
distribution  of  benefits  comparable  to  tlic  distribution  of  costs, 
ue  i.iust  either  place  tlie  cost  distribution  on  an  aggregate  basis  or 
tiic  benefit  distribution  on  a jier  dollar  of  income  basis. 
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Table  1 


Benefits  of  Improved  Wastewater  Management  in  the  Three  Rivers 
Watershed  Area  Derived  from  Water-Based  Participation  Rates 


Family 

Income* 

1 

Partici- 
pation 
Days  Per 
Person+ 

2 

No.  of 
Persons 
Per 

Family 

3 

(2)  (1) 
Total 
Partici- 
pation 
Days  Per 
Family* 

4 

Number 

of 

Families 

5 

(4)  (3) 
Total 
Partici- 
pation 
Days 

6 

% Distri- 
bution of 
Benefits 

1858 

2.78 

2.01 

5.59 

105,846 

591,679 

1.32 

1858-  3715 

7.07 

2.70 

19.09 

81,477 

1,555,396 

3.47 

3715-  5572 

9.93 

3.13 

31.08 

73,111 

2,272,290 

5.07 

5572-  7430 

11.18 

3.48 

38.91 

81,946 

3,188,519 

7.12 

7430-  9908 

14.55 

3.71 

53.63 

136,126 

7,300,437 

16.31 

9908-12385 

16.25 

3.72 

60.45 

133,992 

8,099,816 

18.09 

12385-18578 

17.39 

3.79 

65.91 

166,839 

10,996,358 

24 . 56 

18578  plus 

18.87 

4.05 

76.42 

140,928 

10,769,718 

24.05 

*Includes  unrelated  individuals.  The  original  income  classes  were  1500,  1500-2999, 
3000-4499,  4500-5999,  6000-7999,  8000-9999,  10 , 000- 14 , 999  and  15,000+.  These 
classes  were  used  to  present  recreation  data  for  1960-61.  They  were  placed  upon 
a 1969  base  to  render  them  comparable  to  the  income  distribution  data  by  applying 
the  increase  in  the  consumer  price  index  from  1960  to  1969 — U.S.  Department  of 
Labor,  Bureau  of  Labor  Statistics,  Handbook  of  Labor  Statistics  1970,  Washington, 
D.C.  , Table  120. 

+Includes  Swimming , Fishing,  Boating,  and  Water  Skiing . Winter  months  (Dec. -Feb.) 
have  been  excluded  for  all  categories  except  fishing. 

Sources:  Col.  1 - Outdoor  Recreation  Resources  Review  Commission,  National 

Recreation  Survey,  Washington,  1962  (ORRRC  Study  Report  19) 

Tables  1.02  (.05,  .08,  .16,  .18);  2.02  (.05,  .08,  .16,  .1  8); 

3.02  (.08);  4.02  (.05,  .08,  . 16,  . 18). 

Col.  2 - Bureau  of  the  Census,  Current  Population  Reports:  Consumer  Income  , 
Series  P-60,  No.  37,  January  17,  1962,  Table  5, 

Col.  4 - U.S.  Bureau  of  the  Census,  Census  of  Population:  1970  General 

Social  and  Economic  Characteristics,  Final  Report  PC  (1)-C37  Ohio 
table  89 . Figures  include  both  the  Cleveland  and  Akron  SMSA's 
(Cuyahoga,  Geauga,  Lake,  Medina,  Summit  and  Portage  Counties). 
Income  classes  were  combined  by  linear  interpolation. 
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Table  2 contains  information  designed  to  facilitate  a direct 
comparison  between  the  cost  and  benefit  distributions  generated  by 
tiie  project.  T]ie  tax  rates  shown  in  column  2 are  based  upon  an 
illustrative  project  cost  of  one  billion  dollars.  Tliese  rates 
iiave  been  adjusted  to  produce  an  aggregate  cost  distribution 
identical  to  the  benefit  distribution  sliown  in  column  6 of  Table  1. 

In  otiier  words,  if  a one  billion  dollar  project  generating  the 
benefit  distribution  sliown  in  column  6 of  Table  1 were  financed 
witii  the  tax  rates  shown  in  column  2 of  Table  2,  tlie  relative  distri- 
bution of  real  income  would  remain  unclianged.  In  general,  the  rate 
structure  exhibited  in  column  2 is  highly  regressive,  more  regres- 
sive in  fact  tiian  tlie  fiscal  structures  utilized  by  most  states 
and  localities.  Columns  4 and  il  demonstrate  the  effect  of  financing 
the  project  with  a proportional  rate  structure.  This  would  result 
in  a significant  redistribution  of  real  income  from  tlie  higher 
income  classes  to  the  lower  income  groujis.  Assuming  that  aggregate 
benefits  eiiual  aggregate  costs,  proportional  financing  would 
redistribute  about  lt)^»  of  tlie  total  project  value. 

These  conclusions  seem  to  contradict  generalizations  based  upon 
casual  empiricism.  It  is  often  argued  that  environmental  improvement 
is  a ricli  man's  game  since  the  well-to-do  benefit  most  from  tliese 
improvements  and  financing  is  generally  accomplished  with  a rei-rcs- 
sive  tax  structure.  The  empirical  observations  may  lie  correct,  but 
they  do  not  necessarily  support  the  conclusion  that  environmental 
'/  improvement  redistributes  real  income  from  the  poor  to  the  rich. 

file  argument  overlooks  the  fact  that  even  a highly  regressive  tax 
structure  may  place  much  higher  aggregate  burdens  upon  tlie  rich. 
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Table  2 


Cost  Incidence  Alternatives  for  Improved  Waste\water 
Management  in  the  Three  Rivers  Watershed  Area  Based  Upon 
the  Table  1 Benefit  Structure 


Cost  per 
Family 
for  Col . 2 
Rates 


Cost  Dist. 
for  Propor- 
tional Rate 
of  10.715% 


Net  Benefits 
for  Propor- 
tional Rato 
of  10. 71  5, e. 


Assumed 

Average 

Income 


Equalizing 
Tax  Rates 
(Average) 


Income  Class 


IT  lures  are  based  upon  an  assumed  project  cost  of  $ 1 billion  (chosen  solely  for 
illustrative  purposes),  the  number  of  families  given  in  Col.  4 of  Table  1 and  the 
. lumed  average  income  for  the  income  classes  shown  in  Table  2. 


n Col.  6 Table  1 and  Col.  4 Table  2.  A minus  sign  indicates  that  costs 
•^nefits  for  the  income  group  in  question,  e.g.  , for  the  highest  income 
• i*x'-eeded  iienefits  by  6.15%  of  total  project  costs.  Total  project 
: 1 . ;unod  eciual  in  value  to  total  project  costs.  The  sum  of  Col.  5 does 

• r lunding  errors  . 


IViien  tiiis  occurs,  as  it  does  in  tlic  Three  Rivers  area,  a project 
with  a liighly  progressive  benefit  structure  financed  by  a higiily 
regressive  tax  structure  may  have  little  or  no  effect  upon  real 
income  distribution. 

but  even  a reasonable  explanation  of  the  Table  1 and  2 results 
is  unlikely  to  render  tliem  acceptable  in  many  quarters.  There  is 
a strong  temptation  to  adjust  the  estimation  procedures  to  alter 
the  conclusions.  The  cost,  or  tax  estimates  are  relatively  straight 
forward.  Tlie  only  assumption  made  relates  to  the  selection  of  the 
average  income  for  each  income  class.  In  this  case,  the  figure  for 
tiie  lowest  income  class  may  be  a bit  higli  and  the  figure  for  the 
liigliest  class  is  definitely  much  too  low.  A correction  of  these 
biases  would  lead  to  greater  regressivity  in  tlie  equalizing  tax 
rates  and  to  a greater  redistribution  toward  the  poor  when  a pro- 
portional rate  is  applied. 

Tiio  benefit  measures  could  be  adjusted  in  a number  of  ways. 
Basically  some  form  of  conversion  might  lie  attempted  to  put  the 
l)enofit  measures  in  value  terms  rather  than  in  terms  of  physical 
units.  This  might  be  accompl islied  by  determining  wliat  people  would 
be  willing  to  pay  for  tlieir  recreation  participation  or  by  using 
travel  costs  as  a proxy  for  value.  Tliis  would  undoubtedly  raise 
tlie  benefit  levels  for  the  higher  income  groups  relative  to  those 
of  tlie  lower  income  groups. 

In  tiie  iiresent  case,  it  is  impossible  to  implement  tiiis  ap]iroa>:h 
since  we  do  not  liave  the  data  necessary  to  make  the  conversion.  But 
it  is  possilile  to  gain  at  least  a qualitative  imjircssion  of  tlie  impact 
that  S])ecified  refinements  might  have  upon  the  Talile  I results. 
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The  most  obvious  ciiange  would  result  directly  from  the  conver- 


sion to  value  terms.  U'c  can  be  relatively  certain  that  a very 
large  income  effect  will  cause  tlie  recreation  days  of  the  rich  to 
carry  a much  higher  value  than  those  of  tlie  poor.  Before  such  a 
cliange  could  be  incorporated,  however,  it  would  he  necessary  to 
make  a further  adjustment.  The  relevant  values  must  relate  to  the 
change  in  the  quality  of  the  recreation  experience  ratlier  tlian  to 
the  total  value  of  tlie  participation  days  sliown  in  column  5 of 
Table  1.  Botii  the  income  pattern  liy  type  of  activity  and  the 
geographical  location  of  clianges  in  water  quality  should  tend  to 
mitigate  tlie  increased  progress ivencss  of  the  benefit  structure 
brougiit  about  by  tiie  conversion  to  value  terms. 

Of  the  tlirec  major  forms  of  participation,*  lioating  would  lie 
the  least  affected  by  water  quality  changes.  Boating  accounts  for 
almost  20  percent  of  participation  and  exhibits  a benefit  pattern 
that  is  significantly  more  progressive  tlian  the  average  overall 
activities.  Fisliing  which  accounts  for  approximately  30  percent 


■e 
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of  participation  may  benefit  appreciably  from  improvements  in 
water  quality.  I’lie  distriliution  of  benefits  for  fishing  sliows 
marked  progression  only  for  the  lowest  income  class.  I’art  icipation 
is  relatively  constant  lietween  incomes  of  $3,715  and  $ 18,578.  The 


activity  most  affected  by  the  changes  sliould  be  swimming.  This 
accounts  for  over  45  percent  of  total  participation  ami  exhibits 
a progress iv i ty  of  benefits  that  is  slightly  below  average.  It  is 
cpiite  probable,  hwoever,  that  much  of  the  swimming  jia  r t i c i pa  t i on 


*Water  skiing  participation  accounts  for  less  than  3 percent 
of  the  total . 


of  the  upper  income  classes  takes  place  in  private  facilities  that 
would  not  be  strongly  affected  by  the  project.  On  balance  tlien 
it  seems  reasonable  to  conclude  that  the  conversion  to  value  coupled 
with  the  considerations  examined  above  would  result  in  a more 
progressive  benefit  structure  but  that  the  difference  would  not 
be  very  large. 

The  conclusion  receives  further  support  when  the  location  of 
changes  in  water  quality  and  potential  changes  in  participation 
rates  are  considered.  Currently,  the  poorest  quality  water  is 
I located  close  to  the  relatively  heavy  concentrations  of  poor 

[ persons  in  central  city  Cleveland  and  Akron.  In  general,  the  poor 

r 

I are  unable  to  travel  far  enough,  to  make  use  of  the  higher  quality 

i . 

I water  in  other  parts  of  the  region.  Cleaner  water  located  at  a 

reasonable  distance  may  tiius  give  rise  to  significant  benefits  for 
t!ie  i>oor  community.  Tliese  benefits  would  accrue  largely  in  the 
form  of  increased  participation  ratiier  than  througli  improvements  in 
tiie  ijuality  of  existing  participation.  This  seems  particularly 
likely  in  tlie  case  of  swimming  wiiere  tlie  major  effect  of  low  water 
(juality  may  be  to  eliminate  swimming  completely.  Changes  of  tliis 
nature  cannot  be  captured  by  the  Table  1 figures  since  tliey  refer 
exclusively  to  existing  participation  patterns. 

finally,  the  conversion  to  value  terms  implicitly  assumes 
that  ti\c  distribution  of  non- recreational  benefits  is  more  closelv 
ap,iroxii,iated  by  tlie  value  distribution  than  by  the  distribution  of 
physical  units.  TI\is  assumption  has  a reasonable  rinr,  Init  it  is 
very  difficult  to  substantiate.  Tliis  assumption  may  lie  crucial 
since  the  non  - rec  rca  t i ona  1 lienefits  arc  likely  to  ho  quite  important. 
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j Tills  is  illustrated  by  tlie  part ic ijiat ion  fijpircs  e.iven  in  Table  1. 

; Preliminary  cost  estimates  indicate  that  project  justification 

based  solely  upon  upgrading  the  quality  of  rouglily  45  million 

1 

participation  days  in  water-based  recreation  would  require  tliat  the  | 

I 

value  of  each  of  these  recreation  days  be  increased  by  at  least  $3.*  j 

liven  allowing  for  a generous  increase  in  participation  due  to  the  | 

project,  it  is  obvious  that  general  esthetic  benefits  must  play  a 1 

major  role. 

IVith  better  data  an  attempt  could  be  made  to  improve  upon  the 
benefit  distribution  presented  in  Table  1.  But  in  the  end  one 
would  have  to  be  very  skeptical  of  any  results  generated  witli  tiic 
aid  of  the  numerous  "soft”  assumptions  necessary  to  deal  with  the 
problems  discussed  above.  It  would  be  difficult  to  overcome  the 
suspicion  that  tlie  benefit  distribution  had  beer  manipulated  to 
. support  a tax  structure  which  was  intuitively  regarded  as  etiuitablo.  ' 

• Virtually  any  tax  structure  could  in  fact  be  supported  bv  selectively 

including  some  considerations  and  excluding  others.  To  simply  i 

acknowledge  that  the  tax  structure  or  cost  distribution  is  to  be 

chosen  solely  on  intuitive  equity  grounds  may  be  preferable  to  tlie 

painful  intellectual  thrasliing  about  necessary  to  provide  "objective 

support  for  tlie  suggested  financing  sclieme.  j 

I 


*Based  upon  tlie  lowest  cost  for  acliieving  tlie  lowest  standard 

jilus  a conservative  estimate  of  the  costs  inqioscd  upon  the  area's 
industries. 
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Attachment  J 
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TECHNOLOGICAL  UNCERTAINTIES: 


AERATED  LAGOONS 


The  use  of  waste  stabilization  lagoons  for  the  treatment  of 
domestic  sewr.ge,  is  neither  new  nor  unusuAl.  The  Federal  Water 
Quality  Administration  in  their  publication  "The  Economics  of  Clean 
Water"  states  that  there  were  over  3500  in  existence  in  1970,  or 
about  11%  of  all  waste  treatment  facilities  owned  by  municipalities. 
The  major  value  of  the  lagoon  has  been  the  opportunity  afforded  small 
towns  to  have  a water  based  sewage  disposal  system  that  has  provided 
reasonable  treatment  (under  previous  standards)  at  a low  capital 
cost.  Much  of  the  experience  and  research  has  related  to  small 
systems,  some  serving  less  than  200  people.  Some  ponds  may  be  less 
than  half  an  acre  in  size.  There  are  no  indicated  upper  limits 
to  the  size  of  the  community  that  may  be  served  by  stabilization  ponds 
except  as  limited  by  land  costs.  The  size  of  any  one  pond  has  finite 
limits,  but  with  split  flows  and  parallel  installations,  very  large 
cities  could  use  them. 

1 . Lagoon  Types 

Conventional  lagoons  are  generally  considered  to  be  an  aerobic 
facility,  meaning  that  the  biological  processes  are  carried  out  in 
the  presence  of  freely  available  dissolved  oxygen.  However,  organic 
solids  settling  to  the  bottom  undergo  anaerobic  decomposition.  The 
pond  (so-called  oxidation)  may  actually  be  a facultative  system. 
Normally,  lagoons  are  dependent  on  nature  for  two  basic  oxygenation 
processes:  Surface  reaeration  and  photosynthesis  by  algae.  Aerated 

lagoons  were  a predictable  outgrowth  of  the  oxidation  pond  concept. 
When  organic  loading  rates  exceeded  a natural  limit,  machinery  was 
used  to  artificially  induce  oxygen  at  higher  rates  and  therefore 

improve  effluent  quality.  Since  aerated  lagoons  could  produce  a 
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satisfactory  BOD  removal,  with  increased  loadings  over  a shorter 
detention  period,  less  land  could  be  used.  This  has  stimulated  the 
development  of  this  type  of  treatment  throughout  the  IDbO's. 

rhe  term  aerated  lagoon  is  a general  description  applying  to 
a variety  of  processes  which  create  different  degrees  of  artifical 
mixing  and  oxidation.  The  design  of  aerated  lagoons  centers  on  tlie 
provision  of  a favorable  environment  for  the  microorganisms.  One 
can  identify  three  basic  types:  (1)  the  completely  mixed  aerated 
lagoon,  (2)  the  facultative  aerated  lagoon,  and  (3)  the  aerated 
oxidation  pond. 

The  completely  mixed  aerated  lagoon  is  an  activated  sludge 
aeration  basin  w'ithout  any  sludge  return  and  where  all  solids  are 
maintained  in  suspension.  All  organic  stabilization  is  dependent 
on  suspended  bacteria.  Oxygen  is  macliine  derived  and  algae  are 
not  generally  apparent.  The  effluent  from  the  basin  will  be 
identical  to  the  liquid  in  the  aeration  basin  and  will  contain 
synthesized  bacterial  solids,  the  remaining  soluble  BOD  and  any 
inert  solids  carried  in  the  effluent.  There  is  a minimum  detention 
time  in  the  lagoon,  below  which  a failure  in  treatment  will  result, 
fills  time  is  dependent  on  the  ambient  temperature  and  will  increase 
as  the  temperature  goes  down. 

Tile  facultative  aerated  lagoon  lias  a degree  of  mixing  wtiich  will 
permit  lieavier  solids  to  settle  in  the  lagoon  wliile  li  i o log  ica  1 ly 
treating  suspended  and  soluble  organics  in  the  liquid  jiortion.  I'iie 
oxygen  transfer  is  primarily  by  macliine  although  algae  may  be  present 
and  participate  in  a small  degree.  I'lie  solids  on  tlie  liottom  are 
decomposed  by  bentlial  oxidation.  liie  surl'ace  of  the  deposit  is 
oxidized  aerobically  and  tlie  level  liclow  wliicli  oxygen  does  not 


penetrate  is  oxidiired  anaerobically.  Liquified  anaerobic  end  pro- 
ducts diffuse  from  the  sludge  deposit  and  are  oxidized  aerobically 
in  the  liquid  phase.  Oxygen  demand  in  the  fluid  portion  is  lower 
than  in  a completely  mixed  lagoon  since  BOD  is  also  removed  by 
sedimentation.  Less  power  is  required  for  mixing  and  aeration  and 
better  use  is  made  of  the  detention  time. 

In  an  aerated  oxidation  pond,  considerable  dependence  on  algae 
is  noted,  even  with  mixing  and  aeration  equipment  added.  One  of  tlie 
most  prevalent  aeration  devices  used  is  gas  diffusion  through  a 
plastic  hose  distribution  systems.  Lxtensive  solids  deposition  does 
take  place.  With  both  bacterial  and  algal  removal  mechanisms 
operating,  design  of  an  overall  removal  rate  becomes  a problem,  and 
most  designs  are  based  on  BOD  removal  in  the  liquid  phase  only.  J he 
cost  of  construction  of  aerated  lagoons  is  almost  directly  propor- 
tional to  detention  requirements;  therefore,  capability  predictions 
are  essential.  The  other  factor  that  affects  the  sizing  of  aerated 
lagoons  is  the  volume  required  for  sludge  accumulation.  Ihe  1D70 
Symposium  for  Waste  Treatment  Lagoons  reported  that  there  was  a neeu 
for  adequate  data  on  the  acceptable  design  and  operation  and  the 
expected  results  from  aerated  lagoons,  with  the  indication  that  nosi 
lagoon  design  was  on  a "cut  and  try"  basis. 

I . Prob lems 

fhere  are  a variety  of  problems  associated  with  lagoons  but 
few  that  allow  a direct  comparison  witii  a system  combining  land 
treatment.  Oxidation  ponds  may  produce  iiydrogen  sulfide  odors, 
highly  colored,  algae  laden  effluents,  algae  tilooms,  excessive 
organic  matter  in  effluents,  mosquito  and  msec*,  breeding,  etc. 


I 

Both  ci'i'lueat  and  aestiietic  quality  failures  will  occur.  The  major  ^ 
problem  is  one  of  inconsistency.  The  environment  is  virtually 
beyond  tlie  control  of  the  designer  and  only  such  factors  as  depth, 
aeration  input  and  loading  can  be  controlled  to  a degree.  In  relation 
to  discharge  to  receiving  waters,  an  Illinois  study^  reported  that 
acceptable  effluents  could  not  be  achieved  for  BOD  and  Suspended 
Solids  by  any  type  of  aerated  lagoon.  Other  authors  report 
acceptable  effluents  when  ponds  are  combined  in  series,  or  when 
effluents  are  released  after  months  of  treatment. 

Other  problems  are  found  in  the  type  of  aeration  used.  The 
plastic  oxygen  diffusion  systems  have  a tendency  to  plug  with 
sedimentation,  with  tlie  resulting  increase  in  pressure  causing 
compressor  failure.  Surface  type  aerators  tend  to  ice  up  in  winter; 
also,  the  iiigh  level  of  turbulence  produced  results  in  a rapid 
dissipation  of  heat,  leading  to  more  icing.  Recent  studies  indicate 
the  formation  of  a barrier  effect  at  the  interface  at  lower  temper- 
atures, iniiibiting  oxygen  transfer.  Temperature  is  a major  factor 
to  be  considered  in  .Northern  Ohio,  Studies  indicate  that  while 
BOD  removal  efficiency  may  be  fairly  high  at  bO  degrees  T,  below 
S5  degrees  the  process  may  deteriorate,  Linder  tliese  circujiistances 

^Barsom,  G.M.  and  Ryckman,  D.IV.  "livaluation  of  Lagoon 
Performance  in  Light  of  19b5  Water  Quality  Act."  Second 
International  Symposium  for  Waste  Ireatment  Lagoons,  Kansas 
City,  lo . 05  (.1970), 
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a longer  detention  time  is  required.  The  statement  is  made^  that 
present  theory  does  not  predict  aerated  lagoon  reaction  rates 
accurately,  particularly  for  lower  temperatures.  From  the  literature, 
one  must  doubt  that  they  can  be  depended  upon  to  produce  high 
quality  effluents  during  the  winter  months.  If  the  detention  time 
is  based  on  winter  conditions,  the  detention  time  becomes  exceedingly 
long  when  high  BOD  removal  is  specified.  The  total  power  input  tliat 
is  required  for  mixing  may  tlierefore  become  excessive. 

3 . Australian  Fxperience~^ 

The  often  cited  Australian  experience  is  not  readily  comparable 
with  our  conditions.  The  waste  from  Melbourne  averages  SO  mgd  with 
only  151  industrial  (Pop.  2,400,000).  They  liave  a multi-stage 
series  of  lagoons  starting  with  anaerobic  cells,  and  use  an  area 
of  3200  acres  of  lagoons  to  protect  tne  effluent  from  the  etiects 
of  temporary  overloads  or  unequal  distribution  within  the  pond 
system.  Their  winter  operating  temperatures  are  no  ies  • than  .SO 
degrees  F. 


^Bartsch,  li.ll.  and  Randall,  C.W.  Aerated  Lagoons  - A Report 
on  the  State  of  tlioArt,  Journal,  Water  Pollution  Control  federation 
43,  b99  (1971). 

■’Parker,  C.i).  experiences  witli  Aerated  Lagoons  in  Austi'alia. 
Second  Symposium  lor  Waste  Treatment  Lagoons,  Kansas  iiit\’,  'lo . , 

334  (1970). 
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Attachment  K 


AN  0UT-0F-3ASIN  ALTERNATIVE 
1,  Introduction 

The  Corps  of  linginccrs'  contract  limits  the  present  study 
to  those  land  treatment  areas  within  the  Lake  Erie  drainage. 

This  limitation  thus  removes  from  consideration  a treatment 
plan  which  may  prove  to  be  the  most  feasible  of  all.  The  upper 
Tuscarawas  drainage  contains  large  areas  of  land  suitable  for 
spray  irrigation  or  other  types  of  land  treatment.  Chili, 
Wooster,  Canfield  and  other  suitable  soils,  plus  stripmined 
areas  are  relatively  plentiful  in  this  region.  This  area 
includes  most  of  Stark  County  and  parts  of  Columbiana, 

Carroll,  Harrison,  Tuscarawas,  Holmes,  and  Wayne  Counties. 

This  area  hereafter  will  be  referred  to  as  the  Southern -Out - 
of-Basin  Area  (S.O.B.). 

"Generalized  Soil  Maps"  were  available  only  for  Stark 
and  Columbiana  Counties.  Within  the  S.O.B.  area  these  are 
the  counties  located  nearest  the  basin.  The  Stark  County  S.O.B. 
area  contains  19,456  acres  of  Loudonville-Wooster  soils  and 
113,152  acres  of  Chil i -Wheel ing-Shoal  soils;  Columbiana  County 
contains  10,368  acres  of  Wooster-Canf ield-Chili  soils.  Of  the 
total  142,976  acres  of  suitable  soils  in  these  two  counties, 
approximately  25,984  acres  are  urbanized.  Thus,  116,992  acres 
are  potentially  available  for  land  treatment  of  wastewater. 

At  a 2020  projected  average  daily  flow  of  654  mgd^  and  an 

^654  mgd  is  the  combined  average  daily  flow  (including 
stormwater)  from  the  North  Olmsted,  Rocky  River,  Lake- 
wood,  Westerly,  Southerly,  liasterly,  Euclid  and 
Willoughby  Eastlakc  Plants. 
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application  rate  of  oO  inches  per  year,  14b, 514  acres  of  suitable 
soils  would  be  required. 

The  only  readily  available  source  of  information  on  soil  types 

for  the  remainder  of  the  S.O.B.  area  is  the  "Know  Ohio's  Soil  Regions" 
> 

map . *■  Ibis  map  identifies  only  seven  broad  soil  associations.  The 
general  soil  type  found  in  the  part  of  Columbiana  County  used  in 
plan  12  also  characterizes  most  of  Carroll,  Harrison,  Tuscarawas, 
and  Holmes  counties.  It  therefore  appears  likely  that  large  amounts 
of  suitable  soils  are  located  in  the  S.O.B.  areas  outside  of  Stark 
and  Columbiana  Counties. 

In  1961  30,600  acres  of  stripmined  land  were  available  in  the 
S.O.B.  area.  Assuming  a growth  rate  of  2,500  acres  per  year,^  in 
1980  there  will  be  76,600  acres  of  stripmined  land  available  for 
land  disposal.  At  a 2020  average  daily  flow  of  654  mgd  and  an 

4 

application  rate  of  200  inches  per  year,  only  43,945  acres 
would  bo  needed.  Thus,  it  would  be  possible  to  treat  the  entire 
projected  flow  on  stripmined  land. 


^Published  by  Department  of  Natural  Resources,  Division  of 
Land  and  Soil,  Columbus,  Ohio  (1962  Revision). 

•'This  is  the  estimated  annual  increase  in  stripmined  lands 
within  the  S.O.B.  area. 

■^This  application  rate  has  not  been  the  subject  of  detailed 
investigation;  it  is  used  at  this  time  simply  for  illustrative 
purposes.  But,  as  the  discussion  below  indicates,  we  do  feel 
that  application  rates  of  this  general  magnitude  may  be 
feasible.  It  should  also  be  noted  that  even  a very  substantial 
reduction  in  this  200  inch  application  rate  would  not 
eliminate  the  possibility  of  treating  the  entire  projected 
2020  flow  on  stripmined  land.  The  654  mgd  would  precisely 
"exhaust"  the  76,600  acres  of  projected  stripmined  land  at 
an  application  rate  of  115  inches  per  year. 


rho  I'low  could,  liowcvcr,  ho  djslril)uted  on  some  comi)  i nat  i on 
of  stripinined  and  otlicr  lands.  Id'fluent  d i s t r i Init  i on  costs  miglit 
be  minimized  by  selecting  tlie  combination  of  stripinined  and  non- 
stripmined  land  closest  to  the  has  in.  ^ I'or  example,  if  1/2  of 
the  flow  was  applied  to  stripmines  and  the  remaining  1/2  to  otlier 
lands,  only  21,‘.)72  acres  of  stripinined  land  and  7.^,2S7  acres  of 
non -s  t r ipm  i ned  land  would  lie  needed  to  dispose  of  a flow  of  (i.S4 
mgd.  There  is  enough  non- st  r ipini  ned  land  available  to  meet  this 
requirement  in  Stark  and  Columbiana  counties  alone. 

Returning  tlie  treated  water  to  the  hake  l.rie  drainage,  to 
fulfill  requirements  of  the  l‘.Ull)  boundary  Waters  Treaty^’  witli 
Canada,  is  made  easier  by  the  fact  that  the  Cuyahoga  River  at 
Akron  is  lower  in  elevation  tlian  the  fuscarawas  many  miles  to 
tlie  south.  One  possilile  scliemo  for  treatment  would  entail 
carrying  all  of  the  secondary  treated  effluent  proposed  for 
delivery  to  the  western  lands  under  plan  12  in  a tunnel  from 
the  Cleveland  Southerly  Plant  to  a suitable  reservoir  to  tlie 
south.  fill''  reservoir  could  he  located  in  the  area  east  of 
llartville  'here  the  Cuyahoga,  Mahoning  and  fuscarawas  basins 
meets,  although  other  possibilities  do  exist.  funnels  from 
the  lake  front  jilants  west  of  Cleveland  would  be  smaller  than 

•’■file  minimization  of  effluent  distribution  costs  is  not 
an  acceptable  goal  in  itself.  Other  costs  must  also 
be  considered,  eg.,  land  [uirchase  and  thus  the  combination 
of  land  sites  which  minimizes  distribution  costs  may 
not  be  the  combination  which  minimizes  total  costs. 
I'istribution  costs  are,  however,  important  enough  to 
warrant  separate  consideration  at  a preliminary  stage 
in  the  investigation  of  alternatives. 

^■fhis  treaty  is  lormally  called  the  "freaty  with  lireat 
Britain  Relating  to  Bouiulari'  Waters  and  Questions  Arising 
Between  the  United  .States  and  idinada”. 
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those  in  plan  12,  since  they  would  have  to  carry  less  water.  The 
tunnel  I'roin  the  Southerly  I’lant  southward  would  also  be  smaller  due 
to  its  shorter  length  and  consequently  small  friction  loss.  This 
would  decrease  the  cost  of  taking  the  water  from  the  basin.  In 
plan  12  an  18  foot  tunnel  343,000  feet  long  is  used.  At  $750  per 
foot,  the  total  cost  of  the  tunnel  would  be  $257,250,000.  A tunnel 
from  Cleveland  Southerly  to  Hartville  would  only  be  16  foot  in 
diameter  and  195,360  feet  in  length.  At  $650  per  foot  the  total 
cost  of  this  tunnel  would  be  $126,984,000,  less  than  one-half  the 
cost  of  a tunnel  to  the  west  in  plan  12.  The  reservoir  site  mentioned 
above  would  have  little  natural  drainage,  and  would  be  in  a good 
position  for  further  transmission  of  effluent  either  to  the  strip 
mines  south  of  Canton  or  to  the  agricultural  lands  to  the  west 
and  south. 

The  return  point  would  be  from  the  Dover  Reservoir.  This 
would  permit  the  return  of  water  from  any  point  in  the  drainages 
of  the  upper  Tuscarawas  River,  Sandy  Creek,  Chippewa  Creek, 

Conotton  Creek,  or,  with  a short  diversion.  Sugar  Creek,  an  area 
totaling  about  1,693  square  miles.  A number  of  alternative 
methods  exist  for  returning  this  flow.  for  example: 

(a)  A gravity  flow  tunnel  from  the  Tuscarawas  River  (Dover 
Reservoir)  near  Bolivar  to  the  Cuyahoga  River  at  its 
confluence  with  the  Little  Cuyahoga.  Sucli  a gravity  flow 
tunnel  would  be  16  ft.  in  diameter  and  186,240  ft.  in 


length.  At  $650  per  ft.  the  cost  of  tliis  return  tunnel 
would  be  $121,056,000,  and  the  total  tunnel  cost  of  the 
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S.O.B.  area  $248,040,000.  Tlie  return  tunnel  costs  od'set 
most  of  the  original  savings  of  going  to  the  S.O.B.  area, 
but  the  plan  12  proposal  still  entails  9,210,000  more  in 
tunnel  costs  alone.  . 

(b)  A pipeline  with  pumping  stations  from  Dover  Reservoir  to 
the  drainage  divide  just  west  of  the  Little  Cuyahoga.  A 
hydroelectric  plant  at  the  confluence  could  reclaim  most, 

if  not  all,  of  the  power  required  for  pumping.  The  pipeline 
could  follow  the  Ohio  Canal  route  for  much  of  the  distance. 

(c)  A pipeline  to  the  headwaters  of  Breakneck  Creek  (Congress 
Lake  outlet)  with  natural  drainage  down  to  the  Cuyahoga 
just  below  Lake  Rockwell.  This  would  maximice  low  flow 
enliancement  in  the  river,  but  might  require  cliannelizat  ion 
of  the  creek. 

(d)  A similar  pipeline  wliicli  then  continued  further,  discharging 
directly  to  the  Cuyahoga. 

Further  inquiries  should  also  be  made  to  determine  if  per- 
mission could  be  obtained  to  forego  tlie  return  of  the  water  to 
the  Great  Lakes  drainage.  Our  preliminary  investigation  indicates 


that  present  downstream  water  users  (primarily  power  companies) 
would  demand  large  payments  to  compensate  tliem  for  the  proposed 
flow  diversion. 

2.  Possible  advantages  of  this  concept  over  others  considered 
include  the  following: 
a.  Costs 

(1)  The  total  cost  of  the  tunnel,  including  l>oth  effluent  and 
return  tunnels,  would  be  somewhat  less  tlian  that  of  any  of 
the  land  plans  involving  tlie  use  of  lands  in  Western  Ohio. 


I.owcr  total  friction  losses  would  thus  permit  the  use  of 
smaller  tunnels.  further  savinjjs  might  be  realized  by 
employing  pipelines  for  tlie  return  flow  instead  of  a tunnel. 
(J1  Stripmined  lands  could  he  used  for  treatment  of  large  amounts 
of  effluent,  with  application  rates  perhaps  as  high  as  200 
inches  or  more  per  year.  Tliis  would  reduce  costs  in  a number 
of  ways.  Less  land  and  therefore  less  irrigation  equipment 
and  site  preparation  would  be  required  due  to  tiie  higher 
application  rates.  fhe  cost  of  the  land  itself  would  be 
quite  low,  and  there  would  be  little  or  no  relocation  involved 
The  application  of  effluent  to  stripmined  lands  would  result 
in  some  leacliing  of  minerals,  including  acid-producing  sulfide 
and  lieavy  metals,  but  tlie  total  amount  would  undoubtedly  be 
less  tlian  that  found  in  tlie  surface  runoff  today. 

b.  Versatility 

Because  the  effluent  could  be  used  on  either  stripmined  lands 
or  agricultural  land,  an  option  would  exist  for  varying  tlie  amount 
going  to  each  as  the  effluent  supply,  need  and  public  acceptance 
changed . 

c.  Phasing 

flic  time  delay  caused  by  the  construction  of  tunnels  and  the 
difficulty  of  gaining  public  acceptance  for  spray  irrigation  of 
effluent  could  be  overcome  with  a phasing  process  similar  to  the 
following:  fhe  first  step  would  be  to  activate  the  sludge  pipe- 

line and  to  apply  sludge  to  stripmined  land  while  the  effluent 
tunnel  was  under  construction. 
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By  the  time  the  tunnel  is  completed,  tlie  stripmincd  lands 
could  be  restored  sun'icicntly  to  accept  high  apiilication  rates 
of  effluent.  Within  the  drainage  area  described  above,  there 
are  presently  more  than  enough  acres  of  stripmined  land  available 
to  absorb  the  2020  average  daily  flow  of  b54  mgd. 

As  public  acceptance  of  land  treatment  grows,  more  and  more  of 
the  effluent  could  be  applied  to  agricultural  lands  and  less  and 
less  to  the  stripmines.  hventually,  all  the  stripmined  lands  could 
be  restored  and  the  application  of  effluent  to  them  either  eliminated 
entirely  or  reduced  to  the  point  where  leacliing  would  no  longer  be 
a problem. 

3.  Disadvantages  of  this  plan  include  the  following: 

a.  I.and  Use 

Land  needed  for  reservoir  sites  within  the  Tuscarawas  basin 
is  likely  to  be  closer  to  population  centers.  ihe  potential  for 
alternate  beneficial  uses,  eg.,  residential  or  recreational  is 
likely  to  be  greater. 

b.  Distribution  of  liffluent 

Due  to  natural  soil  distribution  and  development  j)atterns,  the 
suitable  agricultural  lands  in  this  area  are  more  scattered  than  in 
the  west.  Tlierefore  distribution  systems  will  lie  more  complicated 
and  more  expensive  if  the  effluent  is  moved  from  the  stripmined 
lands  to  the  agricultural  lands. 

The  S.O.B.  land  treatment  jilan  outlined  above  is  admittedly 
based  upon  incomplete  information.  One  could  reasonably  take  issue 
with  the  assumptions  relating  to  all  of  the  following: 
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(,1)  The  extent  to  which  the  leaching  oi  minerals  will  be  a 
problem. 

(2)  The  precise  cost  estimates  for  a)  transmitting  the  effluent 
to  the  S.O.B.  area,  b)  distributing  the  effluent  within  the 
S.O.B.  area  and  c)  returning  the  treated  water  to  the  Lake 
lirie  drainage  area. 

(5)  I'he  acceptable  application  rates  for  stripmined  land. 
Nevertheless,  it  does  appear  that  the  matter  is  worth  pursuing  further. 
I'he  possibility  of  significant  cost  saving  cannot  lie  ruled  out  at 
this  point.  But  perhaps  more  important  is  the  possibility  that 
implementation  would  be  far  easier  for  the  S.O.B.  plan  than  for  any 
of  the  other  land  treatment  alternatives  being  considered.  imple- 
mentation requires  either  the  purchase  of  large  amounts  of  land  and 
their  management  by  a public  authority,  or  ratlier  cumbersome  legal 
arrangements  between  current  land  owners  and  the  public  wastewater 
disposal  authority.  Regardless  of  the  method  of  implementation,  serious 
objections  are  likely  to  be  raised  both  by  tiie  individual  land- 
owners  involved  and  by  the  general  public.  The  concept  of  using 
"good"  land  for  the  treatment  of  wastewater  is  not  meeting  witli 
overwhelming  support  from  the  populace.  The  public  may  very  well 
be  mistaken  in  their  views  of  land  treatment,  but  early  efforts  to 
educate  them  have  not  been  markedly  successful. 

rile  use  of  stripmined  land  might  remove,  or  at  least  mitigate 
a number  of  the  problems  associated  with  implementation.  first, 
stripmined  land  currently  has  a negative  productivity;  it  pollutes 
while  producing  nothing  of  value.  It  would  seem  tliat  public 
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acceptance  could  be  achieved  if  the  application  of  the  effluent 
actually  did  reduce  the  pollution  emanating  from  the  stripmined 
land.  Seemingly,  there  are  no  negative  effects  present  to  offset 
this  positive  environmental  impact.  Second,  the  necessary  arrange- 
ments with  land  owners  should  be  considerably  easier  to  make.  As 
it  stands  the  stripmined  land  is  virtually  worthless  and  uninhabited. 
This  should  make  either  direct  purchase  or  the  acquisition  of  the 
necessary  legal  rights  for  effluent  application  a relatively  simple 
matter.  Furthermore,  public  ownership  and  renovation  of  strip- 
mined  lands  would  undoubtedly  be  more  acceptable  than  public  owner- 
ship and  operation  of  productive  farm  lands.  The  legal  arrange- 
ments would  also  be  facilitated  by  the  fact  that  the  stripmined 
land  is  held  in  relatively  large  tracts. 
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